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PREFACE 



IN these pages, by iiieana nf simple language and 
suitable pictures, the author has told the story of 
tlio Ships of the Air. He has explained llie laws of 
their flight; sketched their development to the pres- 
ent day; showD how to build the flying machine and 
the balloon, and how to operate them; recounted 
what niun has done, aod what he hopes to do with 
their aid. In a word, all tLe essential facts that 
enter into the Contiiiest of the Air have been gath- 
ered into orderly form, and are here presented to 
the public 

We who live to-day have witnessed man's great 
achievement: we have seen bis dream of ages come 
true. Han has learned to fly/ 



The air whicli surrounds us, so intangible and so 
commonplace that it seldom arrests nur attention, is 
in reality a vast, unexplored ocean, fraught with 
future possibilities. Even now, the pioneers of a 



PREFACE 

countloss fleet aro hovering above us in the sky, while 
steadily, surely these wonderful possibilities are 
unfolded. 



The Publishers take pleasure in acknowledging 
their indebtedness to the Scientific American for 
their courtesy in permitting the use of many of the 
illustrations appearing in this booL 

New York, October 20, 1910. 
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HOW IT FLIES 



Chapter I. 

INTRODUCTORV. 

Ths radden awakening — Enrl.v Bnccesses — Influence ot the g 

hoe engiue on aproploneB — On dirigible bailooDs — Inter- 
ested inquiry — Some geueral terms defined. 

IN the year 1908 the world awakened suddenly to 
the realization that at last the centuries of man's 
endeavor to fly mechanically had come to aucceasful 
fruition. 

There had been a little warning. In the late 
autumn of 1906, Santos-Dumont made a flight of 
720 feet in a power-driven machine. There waa un 
exclamation of wonder, a burst of applause — then a 
relapse into unconcern. 

In August, 1907, Louis Bleriot sped free of the 
ground for 470 feet ; and in November, Santos- 
Dumont made two flying leaps of barely 500 feet. 
That was the year's record, and it excited little com- 
ment. It is true that the Wright brothers had been 
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making long flights, but they were in secret. There 
was no public knowledge of them. 

In 11)08 came the revelation. In March, Dela- 
grange fle\v in a Voisin biplane 458 feet, carrying 

« 

Farman with him as a passenger. Two weeks later 
he flew alone nearly 2^ miles. In May he flew 
nearly 8 miles. In June his best flight was 10| 
miles. Bleriot came on the scene again in July with 
a monoplane, in w^hich he flew "6% miles. In Septem- 
ber, Delagrange flew 15 miles — in less than 30 min- 
utes. In the same month the Wrights began their 
wonderful public flights. Wilbur, in France, made 
records of 41, 46, 62, and 77 miles, while Orville 
flew from 40 to 50 miles at Fort Mver, Va. Wilbur 
Wright's longest flight kept him in the air 2 hours 
and 20 minutes. 

The goal had been reached — men had achieved the 
apparently impossible. The whole w^orld was roused 
to enthusiasm. 

Since then, progress has been phenomenally rapid, 
urged on by the striving of the inventors, the compe- 
tition of the aircraft builders, and the contests for 
records among the pilots. 

By far the largest factor in the triumph of the 
aeroplane is the improved gasoline engine, designed 
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originally for autoiiiubilca. Without this wonderful 
tTi>e of motor, delivering n nmsiniiim of power willt 
a minimum of weight, from concentrated fuel, ihi- 
flying machine wonki still be resting on the earth. 

Xor has the influence of the gasoline motor been 
much lea9 upon tlint nthf-r srreBt class of iiirrnift, the 




dirigihle hailnuii. After 1885, when Renard and 
Krel«' airship La France made its two historic 
voyages from Chalais-Mendon to Paris, returning 
safely to its shed, under the propulsion of an electric 
motor, the prohlcm of the gi'eat airship lay dormant, 
waiting for the discovery of adequate motive power. 
If the development of the dirigible balloon aeema 
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less spectacular than that of the aeroplane, it is 
because the latter had to be created; the dirigible, 
already in existence, had only to be revivified. 

Confronted with these new and strange shapes in 
the sky, some making stately journeys of hundreds 
of miles, others whirring hither and thither with the 
speed of the whirlwind, wonder quickly gives way 
to the all-absorbing question: IIow do they fly? To 
answer fully and satisfactorily, it seems wise, for 
many readers, to recall in the succeeding chapters 
some principles doubtless long since forgotten. 

As with every great advance in civilization, this 
expansion of the science of aeronautics has had its 
effect upon the language of the day. Terms formerly 
in use have become restricted in application, and 
other terms have been coined to convey ideas so en- 
tirely new as to find no suitable word existent in our 
language. It seems requisite, therefore, first to ac- 
quaint the reader with clear definitions of the more 
common terms that are used throughout this book. 

Aeronautics is the word employed to designate the 
entire subject of aerial navigation. An aeronaut is 
a person who sails, or commands, any form of air- 
craft, as distinguished from a passenger. 
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Aviation is limited li> (he siilijei-t i>f flvinfj; by ma- 
chines which are nnt floated in ihe air by gae. An 
aviator is an operator of snch machine. 




TVilli avifltnrsi and atTiimiiits are often called 
jnlots. 

A balloon is essentially an envelope or bag filled 
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with Rome gaseous siibstanct^ wbkdi i» Hfrlilrr, btitk 
for bulk, than the air at rVie surface of iht- earlh, aud 
which serves Ui float the apparatus in the air. In its 

iiBiial form it is tipherit-ai, witii a ear or basket sus- 
jH'nib'il bebiw il. Il i'^ :i nipl'iro hn/lorm if it is at- 






tnciicil In the proiiinl l)v a eablr. su lluit it riiiiy It^| 
rise alwve a cerlaiii level, nor float away in the wind. 
It ia a frrfl hnUoon if not so attached or uncbonHl, 
but is allnwoil to drift wliere the wind may carry it, 
rieing and falling at the will of the pilot. 

A dirigihlfi balloon, sometimes termed simply a 
dirigible, uBiially has its gas envelope elongated in 
form. It is fitted witli motive power to propel it, 
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iiide it 
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It is tlistinct- 



md steering nicelianism to gui 
Hvelj the airship. 

Aeroplani-s itre tboso forms of flying mndiines 
vhich depend for tlifir siijiprtrt in tlie air M]vn\ the 
ud of surfaces which arn variously caUed wings, 
, or planes. They are eoiiinionly driven by pro- 
)ellera actuated by motors. When nut driven by 
fower they are called (jlidrrs. 




Aeroplanes exist in several tyju^s: the monoplan/', 

Hth one spread of surface; the biplane, with two 

nne above the other; the Iriplane, with three 

reflds, or decks; the mtdliplane, with more tiian 



IS 
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The tetrahpfiral plane ia a atmchirc of many 
eella set one upon another. 

Omilhoptpr in tlie nam*? given to a flying nif 
which is operated hy flapping wings. 





A fwracbuU dcscendind. 



Helicopter is used to deaignate machines which 
are lifted vertically and sustained in the air by pro- 
pellers revolving in a horizontal plane, as distin- 
guished from the propellers of the aeroplane, which | 
revolve in vertical planes. 
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A parachute is an umbrella-like contrivance by 
which an aeronaut may descend gently from a bal- 
loon in mid-air, buoyed up by the compression of the 
air under the umbrella. 

For the definition of other and more technical 
terms the reader is referred to the carefully pre- 
pared Glossary toward the end of the book. 



Chapter II. 
THE AIR. 

Intangibility of air — Its substance — Weight — Extent — Density 
— Expansion by heat — Alcohol fin* — Turbulence of the air 
— Inertia — Elasticity — Viscosity — Velocity of winds — Air- 
currents — ('loud levels — Aerological stations — High alti- 
tudes — Practical suggesticns — The ideal highway. 

THE air about us seems the nearest approach to 
notlnngness that we know of. A pail is com- 
monly said to be empty — to liave notliing in it — 

when it is filled onlv with air. This is because our 

I- 

senses do not give us any information about air. We 
cannot see it, hear it, toucli it. 

When air is in motion (wind) we hear the noises 
it makes as it passes among other objects more sub- 
stantial ; and we feel it as it blows by ns, or when we 
move rapidly through it. 

We get some idea that it exists as a substance 

wdien we see dead leaves caught up in it and whirled 

about; and, more im])ressively, when in the violence 

of the hurricane it seizes upon a body of great size 
20 
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and weight, like llie raif of a house, and wliisks it, 
iiway as UioiigL it were a fcatljcr, at a s[>eed exceed- 
ing tliat of tbe fastest railroad train. 

lu a milder fonn, this invisible and intaDgiblo air 

does some of our work for us in at least two ways 

tliat are conspicuous: it moves ships upon tbe ocean, 

I and it turns a multitude of wiudniills, supplying tbe 

I cheapest power known. 

That this atmosphere is really a fluid ocean, hav- 
ing a definite substance, and in aome resjiccta reseui- 
I bliug the liquid ocean upon which our ships sail, and 
tliat we are only crawling around on the botttun of 
I it, as it were, is a conception we do not readily 
[ grasp. Yet Ibis conception must be the foundation 
I of every effort to sail, to fly, in this aerial ocean, if 
I fluch efforts are to be crowned with buccos.h. 

As a material substance the air has certain phys- 
I ica] proiterties. and it is the part of wisdom for the 
. who would fly to acquaint himself with these 
I properties. If they are helpful to his flight, he wants 
I to Ufle tliem; if they binder, he must contrive to over- 
I come them. 

In general, it may l>e saicl that the air, being in 
I ft gaseous form, partukes of the pro|)ertie8 of all gases 
I —and these may be studied in any text-book oii 



22 THE AIR. 

physics. Here we are concerned only with those 
qualities which affect conditions under which we 
strive to fly. 

Of first importance is the fact that air has weight. 
That is, in common with all other substances, it is 
attracted by the mass of the earth exerted through 
the force we call gravity. At the level of the sea, 
this attraction causes the air to press upon the earth 
with a weight of nearly fifteen pounds (accurately, 
14.7 lbs.) to the square incli, when the temperature 
is at 82° F. That pressure is the weight of a column 
of air one inch square at the base, extending upward 
to the outer limit of the atmosphere — estimated to 
be al)Out 88 miles (some say 100 miles) above sea- 
level. Tlie practical fact is that normal human 
life cannot exist above the level of 15,000 feet, 
or a little less than three miles; and navigation 
of the air will doubtless be carried on at a much 
lower altitude, for reasons which will appear as we 
continue. 

The actual weight of a definite quantity of dry 
air — for instance, a cubic foot — is found by weigh- 
ing a vessel first when full of air, and again after the 
air has been exhausted from it with an air-pump. In 
this way it has been determined that a cubic foot of 




Uppv limit of fctmospbere. 88 milM. 



Unknown 



Hichest point leaobed by unmanned sound- 
ins bnlloon. 18 mikn. 



HichMt point renohed by manned baDooa. 

86.500 feet. 
Mt. £v«eat. Himalaya MU.. 8g.0O2 feet. 



Mt. MeKlnley. 80.480 feet. 
Mt. Blano. 16.810 feet. 

Hoepioe of St. Bernard, hishest human 
habiUtion. 

Tbe bdcht of the Eiffel Tower would not 
equal the thiokneei of this baae-Une. 



Comparative ElevationB of Earth and Air. 
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dry air, at the level of the sea, and at a temperature 
of 82° F., weighs 565 grains— about 0.0807 lb. At a 
height above the level of the sea, a cubic foot of air 
will weigh less than the figure quoted, for its density 
decreases as w^e go upward, the pressure being less 
owing to the diminished attraction of the earth at 
the greater distance. For instance, at the height of 
a mile above sea-level a cubic foot of air will weigh 
about 4;]3 grains, or 0.0G19 lb. At the height of 
five miles it will weigh about 21G grains, or 0.0309 
lb. At tliirty-eiglit miles it will have no w'eight at 
all, its density being so rare as just to balance the 
earth's attraction. It has Ixicn calculated that the 
whole bodv of air above the earth, if it were all of 
the uniform densitv of that at sea-level, would ex- 
tend only to the height of 2G,1GG feet. Perhaps a 
clearer comprehension of the weight and pressure of 
the ocean of air upon the earth may be gained by 
recalling that the pressure of the 38 miles of atmos- 
phere is just equal to balancing a column of water 
33 feet high. The pressure of the air, therefore, is 
equivalent to the pressure of a flood of water 33 feet 
deep. 

But air is seldom drv. It is almost alwavs min- 
gled with the vapor of water, and this vapor w-eighs 




only 352 graina per cubic foot at sea-lcvt-1. Ci>[ 
qiicntly the mixture — damp air — is lighter than dry 
air, in proportion to llie moisture it coutains. 



I 




that the iiir i 



constant molioi 



ving to its 



ready expansion by beat, a body of air occupying one 
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cubic foot when at a temperature of 32° F. will 
occupy more space at a higher temperature, and less 
space at a lower temperature. Hence, heated air will 
flow upward until it reaches a point where the natu- 
ral density of the atmosphere is the same as its ex- 
panded density due to the heating. Here another 
complication comes into play, for ascending air is 
cooled at the rate of one degree for every 183 feet it 
rises; and as it cools it grows denser, and the speed 
of its ascension is thus gradually checked. After 
passing an altitude of 1,000 feet the decrease in tem- 
perature is one degree for each 320 feet of ascent. 
In general, it may he stated that air is expanded one- 
tenth of its volume for each 50° F. that its tempera- 
ture is raised. 

This highly unstable condition under ordinary 
changes of temperature causes continual movements 
in the air, as different portions of it are constantly 
seeking that position in the atmosphere where their 
density at that moment balances the earth's at- 
traction. 

Sir Hiram Maxim relates an incident which aptly 
illustrates the effect of change of temperature upon 
the air. He says : " On one occasion, many years 
ago, I was present when a bonded warehouse in 
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I New York containing 10,000 barrels nf aicohnl was 

r burned. ... I walked completely around the fire, 

and found lliiugs just as I expected. The wind was 

t blowing a perfect hurricane through every street in 

I the direction of the fire, although it was a dead calm 

I everywhere else; the flames mounted straight in the 

air to an enormous height, and took with them a 

large amount of burning wood. When I was fully 

600 feet from the fire, a piece of partly burned one- 

ineh board, about 8 inches wide and 4 feet long, fell 

' through the air and hmdcd near me. This hoard had 

evidently been taken up to n great height by the 

tremendous uprush of air caused by the huming 

alcohol." 

That which happened on a small srale, with a vio- 
lent change of temperature, in the ease of the alcohol 
fire, is taking place on a larger scale, with milder 
[ changes in temperature, all over the world. The 
t beating by the sun in one locality causes an cxpan- 
h'sion of air at that place, and cooler, denser air rushes 
I In to fill the partial vacuum. In this way winds are 
Iproduced. 

So the air in which we are to fly is in a state of 
istant motion, which may be likened to the rush 
1 ftwirl of water in the rapids of a mountain tor- 
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rent. The tremendous difference is tliat the perils 
of the water are in plain sight of the navigator, and 
may be guarded against, while those of the air are 




I 
I 



.y 






The solid arrows show the directions of a cyclonic wind on the earth's surface. 
At the centre the currents go directly upward. In the upper air above tho 
cyclone the currents have the directions of the dotted arrows. 



wholly invisible, and must be met as they occur, 
without a moment's warning. 

Next in importance, to the aerial navigator, is tlie 
air's resistance. This is due in part to its density at 
the elevation at which he is flying, and in part to tho 
direction and intensity of its motion, or the wind. 
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Wbik' tliis resistaiipe is far Ifss tlmn tlint nf water 
, lo the passa^^e of a ship, U is df serious moment to 
the aeronaut, wlio niiint force bis fragile mnchino 
through it at great apcod, and be on the altrt every 
instant lo combat the possibility of a fall as be passes 
into a rarer and less buoyant stratum. 

Three properties of the air enter into the sum total 
of its resistance — inertia, elasticity, and viscosity. 
Inertia is its tendency to remain in tlie condition in 



-- ► 



>"".7J 










which it may be: at rest, if it is still; in motion, i£ 
it is moving- Some force must be applied to disturb 
thio inertia, and in consequence when the inertia is 
overcome a certain amount of force is used up in the 
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operation. Elasticity is that property by virtue of 
whicli air tends to reocciipy its normal amount of 
space after disturbance. An illustration of this tend- 
ency is the springing back of the handle of a bicycle 
pump if the valve at the bottom is not open, and the 
air in the pump is simply compressed, not forced into 
the tire. Viscosity may be described as " stickiness " 
— ^the tendency of the particles of air to cling to- 
gether, to resist separation. To illustrate: molasses, 
particularly in cold weather, has greater viscosity 
than water; varnish has greater viscosity than tur- 
pentine. Air exhibits some viscosity, though vastly 
less than that of cold molasses. However, though 
relatively slight, this viscosity has a part in the re- 
sistance which opposes the rapid flight of tlie airship 
and aeroplane ; and the higher the speed, the greater 
the retarding eflFect of viscosity. 

The inertia of the air, while in some degree it 
blocks the progress of his machine, is a benefit to the 
aeronaut, for it is inertia which gives the blades of 
his propeller " hold " upon the air. The elasticity of 
the air, compressed under the curved surfaces of the 
aeroplane, is believed to be helpful in maintaining 
the lift. The effect of viscosity may be greatly re- 
duced by using surfaces finished with polished var- 
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niali — just ns grttasing a knife will permit it. to be 
passed with less friction through thick molaasea. 

In the case of winds, the inertia of the moving 
mass becomes what is cminonly termed " wind pres- 
sure" against anv object not moving with it at an 
equal speed. Tlie following table gives the measure- 
ments of wind pressure, as recorded at the station on 
the Eiffel Tower, for differing velocities of wind: 



Velority 


Velocily 


Pt«,u« 


in Mtl» 






pet Hour 


p« SsSnd 


B Sqmre Pool 


2 


29 


012 


4 


5 9 


0.04S 





H S 


108 


8 


U 7 


W2 


10 


M 7 


0.300 


15 


22 i) 


0-675 


■20 


29.4 


1,200 


2.i 


36,7 


1.875 


30 


44 


2 700 


35 


51 3 


3 675 


40 


58-7 


4 800 


45 


m 


6.075 


50 


73 i 


7 500 


60 


880 


10 800 


70 


102 7 


14 700 


80 


117.2 


IS 200 


90 


132 


24 300 


100 


146 7 


30 000 



In applying this table, the velocity to be eonsid- 
IJs the net velocity of the movements of the air- 



sliip and of the wind. If tliL' aliip is moving 20 miles 
an hour against a head wind lilftwing 20 miles an 
hour, the net velocity of the wind will be 40 miles an 
hour, and the pressure 4.8 lbs. a square foot of sur- 
face presented, Therefore the airship will be stand- 




' ing still, so far as objects on the ground are con- 
cerned. If the ship is sailiug 20 miles an hour wilh 

[ the wind, which is blowing 20 miles an hour, the 
pressure per square foot will be only 1.2 lbs.; while 
as regards objects on the ground, the ship will be 
travelling 40 miles an hour. 



THE AIR. 



33 



Systematic sliidj of the ninvements of tlje air 

(Urrents liaa not been widespread, and has not pro- 

ressed much beyond the gathering of statistics which 

UBj serve as iisefnl data in testing existing theories 

br fununlating new ones. 

It is already recognized that there are ecrtaiu 
"tides" in the atmosphere, recurring twice daily in 
lix-honr perio<l8, as in the case of the ocoim tidea, 
uid perhaps from the same eanses. Other currents 
proiliiced by the eartli's rotation. Then Ihere 
' the five-day oscillations noted by EHot in India, 
md daily movcinent.s, more or less regular, diic to tlie 
ion's beat by day and tbi- lack of it by night The 
jumplexity of tliese iriotious makes seieulific research 
ixtretnely difficult. 

Something definite has been accomplished in the 

determination of wind velocities, though this varies 

with the locality. In the United States the 

rerage speed of the winds is 9J miles per hour; in 

Europe, 10 J miles; in Southern Asia, 8| miles; in 

) West Indies, 6J miles; in England, 12 miles; 

rer the North Atlantic Ocean, 29 miles per hour. 

E&cb of these average velocities varies with the time 

year and time of day, and with the distance 

rom the sea, The wind moves faster over water 
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and flat, bare land than over hilly or forest-covered 
areas. Velocities increase as we go upward in the 
air, being at 1,600 feet twice what they are at 100 
feet. Observations of the movements of cloud forms 
at the Blue Hill Observatory, near Boston, give the 
following results: 



Cloud Form 


Height 
in Feet 


Average Speed 
per Hour 


Stratus 


1,676 

5,326 

12,724 

21,888 
29,317 


19 miles. 
24 miles. 
34 miles. 
71 miles. 
78 miles. 


Cumulus 


Alto-cumulus 


Cirro-cumulus 


Cirrus 





In winter the speed of cirrus clouds may reach 
96 miles per hour. 

There are forty-nine stations scattered over Ger- 
many where statistics concerning winds are gathered 
expressly for the use of aeronauts. At many of these 
stations records have been kept for twenty years. 
Dr. Richard Assman, director of the aerological ob- 
servatory at Lindenburg, lias prepared a comprehen- 
sive treatise of the statistics in possession of these 
stations, under the title of Die Winde in Deutsch- 
land. It shows for each station, and for each sea- 
son of the year, how often the wind blows from each 
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point of ibe compass; the average frequency of the 
several degrees of wind ; when and where aerial voy- 
ages may safely be made ; the probable drift of dirigi- 
bles, etc. It ia interesting to note that Friedrichs- 
hafen, where Count Zeppelin's great airahip aheds 
are located, is not a favorable place for such vessels, 
liaving a yearly record of twenty-four stormy days, 
as compared with bnt two atormy days at Celle, four 
at Berlin, four at Cassel, and low records at several 
other points. 

In practical aviation, a controlling factor is the 
density of the air. We have seen that at an altitude 
of five miles the density is about three-eighths the 
density at eea-Ievel. This means that the supporting 
power of the air at a five-mile elevation is so amall 
that the area of the planes must be increased to more 
than 2^ times the area suited to fiying near the 
ground, or that the speed must be largely increased. 
Therefore the adjustments necessary for rising at the 
lowcT level and journeying in the higher level are too 
large and complex to make fiying at high altitudes 
practicable — leaving out of consideration the bitter 
cold of the upper regions. 

Mr. A. Lawrence Ilotch, director of the Biuo Hill 
Observatury, in hia valuable book, Tlie Conquest of 
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the Air^ gives this practical summary of a long 
series of studious observations: " At night, however, 
because there are no ascending currents, the wind is 
much steadier than in the daytime, making night the 
most favorable time for aerial navigation of all 
kinds. ... A suitable height in the daytime, unless 
a strong westerly wind is sought, lies above the cumu- 
lus clouds, at the height of about a mile; but at night 
it is not uecessarv to rise so hicch; and in summer a 
region of relatively little wind is found at a heij^ht of 
about three-fourths of a mile, where it is also wariuer 
and drier than in the daytime or at the ground." 

Xotwithstanding all dilHculties, the fact remains 
that, (mce they are overcome, the air is the ideal high- 
way for travel and transportation. On the sea, a 
ship may sail to right or left on one plane only. In 
the air, we may steer not only to right or left, but 
above and Ixdow, and obliquely in innumerable planes. 
We shall not need to traverse long distances in a 
wrong direction to find a bridge by which we may 
cross a river, nor zigzag for toilsouie miles up the 
steep slopes of a mountain-side to the pass where we 
may cross the divide. The course of the airship is 
the proverbial bee-line — the most economical in time 
as well as in distance. 



Chapter III. 

LAWS OF FLIGHT. 

I The bird — NBtucy's Hiodnls — Maua uiutiiudH— IJrnvity— The bnl- 
loun — Tbe BirBliip— ItttiBtuncc ot tlie air — -Wiads — Tlie 
kiCc — Imwa of motiou anil force — Appticatioo to kltp-QyiDj; 
— Aero plan es. 

IF we were asked lo explain the word " flying " to 
some foreigner who did not know what it ineunl, 
i we should probably give as an illustration tLo bird, 
' This would be because the bird is so closely aasoei- 
ati-d in our thoughts with flying that we can bardly 
I think of the one witlwut the other. 

It IB naturul, therefore, that since men first had 
I' the desire to fly they should study the fonn and nio- 
r timia of tlie birds in the air, and try to copy tbcui. 
I Our ancestors built immense flopping wiug^, into tlio 
r frames of which tht'y fastuucd themselves, and with 
I great muscular exertion of arms and legs strove to 
I attain the results that the bird gets by apparently 
liJBUiular motions. 

However, this mental coupling of the bird with 
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the laws of flight has been unfortunate for the 
achievement of flight by man. And this is true even 
to tlie present day, with its hundreds of successful 
flying machines that are not in the least like a bird. 
Tliis wrongly coupled idea is so strong tliat scientific 
publications print pages of research by eminent con- 
tributors into the flight of birds, wuth the attempt to 
deduce lessons therefrom for the instruction of the 
builders and navigators of flying machines. 

These arguments are based on the belief that 
Nature never makes a mistake; that she made the 
bird to fly, and therefore the bird must be the most 
perfect model for the successful flying machine. But 
the truth is, the bird was not made primarily to fly, 
any more than man was made to walk. Flying is an 
incident in the life of a bird, just as walking is an 
incident in the life of a man. Flying is simply a 
bird's w-ay of getting about from place to place, on 
business or on pleasure, as the case may be. 

Santos-Ihimont, in his fascinating book. My Air- 
Ships, points out the folly of blindly following Na- 
ture by showing that logically such a procedure 
would compel us to build our locomotives on the plan 
of gigantic horses, with huge iron legs which would 
go galloping about the country in a ridiculously ter- 
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riblu fashion; and to construct our steamships on the 
plan of giant whales, with monstrous flapping fius 
and wildly laehiug tails. 

Sir Hiram Maxim saya something akin to this iu 
his work, Artificial and Natural Flight: " It ap- 
pears lo rae that there ia nothing in Nature which is 
more efficient, ur gets a better grip on the water, than 
a well-made screw propeller; and no doubt there 
would have been fish with screw propellers, provid- 
ing Dfuiie Nature could have made an animal in two 
pieces. It is very evident that no living creature 
could be made in two pieces, and two pieces are 
neeesaary if one part is stationary and the other re- 
volves; however, the tails and fins very often ap- 
proximate to the action o£ propeller blades; they 
turn first to the right and then to the left, producing 
11 seiilliug effect which is practically the same. This 
argument might also he used against locomotives. Iu 
all Nature we do not find an animal travelling on 
whoels, but it is quite possible that a locomotive 
might be made that would walk on legs at the rate 
of two or three miles an hour. But locomotives with 
wheels are able to travel at least three times as fast 
as the fleetest animal with legs, and to continue 
doing BO for many hours at a time, even when at- 
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taclied to a very lieavv load. In order to build a fly- 
ing machine witli flapping wings, to exactly imitate 
birds, a very complicated system of levers, cams, 
cranks, etc., would have to be employed, and these of 
themselves would weigh more than the wings would 
be able to lift." 

As with the man-contrived locomotive, so the per- 
fected airship will be evolved from man's under- 
standing of the obstacles to his navigation of the air, 
and his overcoming of them by his inventive genius. 
This will not be in Nature's wav, but in man's owti 
way, and with cleverly designed machinery sucli as 
he has used to accomplish other seeming impossibili- 
ties. With the clearing up of wrong conce])tions, the 
path will be open to more rapid and more enduring 
progress. 

When we consider the problem of flying, the first 
obstacle we encounter is the attraction which tlio 
earth has for us and for all other objects on its sur- 
face. This we call weight, and we are accustomed 
to measure it in pounds. 

Let us take, for example, a man whose body is at- 
tracted by the earth with a force, or weight, of 150 
pounds. To enable him to rise into the air, means 
must be contrived not only to counteract his weight, 
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but t.> lift liim— a fm-oc a litllo greater than 150 
prmiids must hv exertec!. We may atlacli to him a 
bag filli.'il witli sonic g«a (as LyJrogen) for whicli the 
eartb has \vss attraction tlian it has for air, and which 
the air will push out of the way and upward until a 
place above tlie earth is readied where the attraction 
of air and gag is equal. A bag of this gas large 
enough to l>e pualied upward with a force equal to 
the weight of the nmn, plus the weight of the bag, 
and a little more for lifting power, will carry the 
man up. This is the principle of the ordinary 
balloon. 

Kising in the iiir h not flying, II is a ncecssary 
step, but n.'ul flying ia to Irnvel from plaeo to place 
througii the air. To accomplish this, some mechan- 
ism, or machinery, ia needed to projiel the man after 
lit' has been lifted into the air. Such machinery will 
havo weight, and the bug of gas must be enlarged to 
eountcrbalauee it. When Ibis is done, the man and 
the bag rif gas may move through the air, and with 
suitable rudders he may direct his course. This com- 
bination of the lifting bag of gas and the propelling 
machinery constitutes the dirigible balloon, or air- 
ship. 

The airship is affected equally with tlie balloon by 
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|irevai]ing wiiida. A breeze blowing 10 tnilea an 
hour will carr^' a bolloou ut uearly tiiat speed in the 
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machinery will propel liis airship only 10 miles an 
hour in a calm, it will virtually stand etiU in tlio 
10-iiiilo breeze. If the macliinery will propel his 
airship 20 miles an hour in a calm, the ship will 
travel 10 miles an hour — aa related to places on the 
earth's surface — against the wind. But so far aa the 
air ia concerned, his speed through it ia 20 miles 
an hour, and each increase of speed meets increased 
resistance from the air, and requires a greater ex- 
penditure of power to overcome. To reduce this re- 
sistance to the least possible amount, the globular 
form of the early balloon has been variously modi- 
fied. Most modem airships have a " eigar-ahapcd " 
gas bag, so called because the ends look like the tip 
of a cigar. Aa far as is known, this is the balloon 
that offers less resistance to the air than any other. 
Another mechanical means of getting up into the 
air was Bii^ested by the flying of kites, a pastime 
dating back at least 2.000 years, perhaps longer. 
Ordinarily, a kite will not fly in a calm, but with 
even a little breeze it will mount into the air by the 
upward thrust of the rushing breeze against its in- 
clined surface, being prevented from blowing away 
(drifting) by the pull of the kite-atring. The same 
effect will be produced in a dead calm if the opera- 
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tor, holding the string, runs at a speed equal to that 
of the breeze — with this important difference: not 
only will the kite rise in the air, but it will travel 
in the direction in which the operator is running, a 
part of the energy of the runner's pull upon the 
string producing a forw^ard motion, provided he 
holds the string taut. If we suppose the pull on the 
string to be replaced by an engine and revolving pro- 
peller in the kite, exerting the same force, we have 
exactly the principle of the aeroplane. 

As it is of the greatest importance to possess a 
clear understanding of the natural processes we pro- 
pose to use, let us refer to any text-book ou physics, 
and review briefly some of the natural laws relating 
to motion and force which apply to the problem of 
flight : 

(a) Force is that power which changes or 
tends to change the position of a body, whether 
it is in motion or at rest. 

(&) A given force will produce the same ef- 
fect, whether the bodv on which it acts is acted 
upon by that forcH3 alone, or by other forces 
at the same time. 

(c) A force may be rci^resentcd graphically 
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by a straight line — the point at which the force 
is applied beiag the beginning of the line; the 
direction of the force being expresaed by the di- 
rection of the line ; and the magnitude of the 
force being expressed by the length of the line, 

{d) Two or more forces acting upon a body 
are called component forces, and the single 
force which would produce the same effect ia 
called the resultant. 

(e) When two component forces act in dif- 
ferent directions the resultant may be found by 
applying the principle of the parallelogram of 
forces — the lines (c) representing the compo- 
nents being made adjacent sides of a parallelo- 
gram, and the diagonal drawn from the in- 
cluded angle representing the resultant in 
direction and magnitude. 

(/) Conversely, a resultant motion may be 
resolved into its components by constructing a 
parallelogram upon it as the diagonal, either 
one of the components being known. 



Taking up again the illustration of the kite flying 
in a calm, let us construct a few diagrams to show 
graphically the forces at work upon the kite. Let 
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the heavy line AB represent the centre line of the 
kite from top to bottom, and C the point where the 
string is attached, at which point we may suppose s 
the forces concentrate their action upon tlie plane of 
the kite. Obviously, as the flyer of the kite is run- 
ning in a liorizontal direction, the line indicating the 
pull of the string is to be drawn horizontal. Let it 
be expressed by CD. The action of the air pressure 
being at right angles to the plane of the kite, we 
draw the line CE representing that force. But as 
this is a prfssing force at the point C, we may ex- 
press it as a pulling force on the other side of the 
kite by the line CF, equal to CE and in the oppo- 
site direction. Another force acting on the kite is its 
weight — the attraction of gravity acting directly 
downward, shown by CG, We Iiave given, therefore, 
the three forces, CU, CF, and CG. We now wish to 
find the value of the pull on the kite-string. CD, in 
two other forces, one of which shall be a lifting force, 
acting directly upward, and the other a propelling 
force, acting in tlie direction in which we desire the 
kite to travel — supposing it to represent an aero- 
plane for the moment. 

We first construct a parallelogram on CF and CG, 
tod draw the diagonal CH, which represents the TO- 
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sultant of tbose two forces, We have tlieu the two 
forces CD and OH acting on tiie jjoint C. To avoid 
obscuring the diagram with too many lines, we draw 
a second figure, ahuwing just these two forces acting 
on the point C. Upon theae we construct a new par- 
allelogram, and draw the diagonal CI, expressing 
their resultant. Again drawing a new diagram, 
showing this single force CI acting upon the point 
C, we resolve that force into two components— -one, 
CJ, vertically upward, representing the lift ; the 
• other, CK, horizontal, representing the travelling 
power. If the lines expressing theae forces in the 
diagrams had been accurately drawn to scale, the 
measurement of the two components last found 
woidd give definite results in pounds; hut the weight 
of a kite is too small to be thus diagrammed, and 
only the principle was to he illustrated, to he used 
later in the discussion of the aeroplane. 

Nor is the problem as simple as the illustration 
of the kite suggests, for the air is compressible, and 
is moreover set in motion in the form of a current 
by a body passing through it at anything like the or- 
dinary speed of an aeroplane. Tins has caused the 
curving of the planes (from front to rear) of the 
flying machine, in contrast with the flat plane of the 
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kile. The renaoning is along thia line: Suppose the 
main plane of iiii aeroplane six feet in depth (from 
front to rear) to be passing rapidly through tlie air, 
inclined upward at a slight angle. By the time two 
feet of this depth has passed a certain point, the air 
at that point will have received a downward impulse 
or compression which will tend to make it flow in the 
direction of the angle of the plane. The second and 
third divisions in the depth, each of two feet, will 
therefore he moving with a partial vacnnm beneath, 
the air liaving been drawn away by the first seg- 
ment. At the same time, the pressure of the air 
from above remains the same, and the result is that 
only the front edge of the plane is supported, while 
two-thirda of its depth is pushed down. Thia con- 
dition not only reduces tlie supporting surface to 
that of a plane two feet iu depth, but, what is much 
worse, releases a tipping force which tends to throw 
the plane over backward. 

In order that the second section of the plane may 
bear njion the air beneath it with a pressure equal 
to that of the first, it must be inclined downward at 
double the angle (with tlie horizon) of the first sec- 
tion; thia will in turn give to the air beneath it a 
new direction. The third section of the plane must 
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then be set at a still dePi)cr angle lo give it support. 
Connecting tlitse several direelions witli a suiootlily 
flowing line williout angles, we get the curved line 
of section to which the main planes of aeroplanes are 
bent 

With these principles in mind, it ia in order to 
apply them to the nnderstanding of how an aeroplano 
flies, Wilbur Wright, when asked what kept his 
machine up in the air — why it did not fall to the 
ground — replied: "It stays up because it doesn't 
have time to fall." Just what he meant by this may 
be illustrated by referring to the common sport of 
" skipping atones " upon the surface of still water. 
A fiat stone is selected, and it is tiirown nt a high 
Bpeed so that the flat surface touches the water. It 
continues "skipping," again and again, until its 
apecd ia so reduced that the water where it touches 
lust has time (o got out of the way, and the weight 
of the stone carries it to the bottom. On the same 
principle, a person skating swiftly across very thin 
ice will ])as3 safely over if he goes so fast that the 
ice liasn't time to break and give way beneath his 
weight. This explains why an aeroplane must move 
swiftly to slay up in the air, which has much less 
density than either water or Ice. The 
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speed at which an aemplant' ciin remain in tlic air 
depends lar{p?Iy npun its weight. The heavier it is, 
the faster it must go — just as a large man must 
move faster over thin ice than a small boy. At 
some aviation oonteata, prizes have been awarded for 
the slowest speed made by an aeroplane. So far, the 
slowest on record is that of 21.29 miles an hour, 
made by Captain Dickson at the Lanark meet, Scot- 
land, in August, 1910. As the usual rate of speed 
is about 4(i miles an hour, that ia slow for an aero- 
plane; and as Dickson's machine is much heavier 
than some others — the Curtiss machine, for instance 
— it ia remarkably alow for that type of aeroplane. 

Just what is to be gained by offering a prize for 
slowest sjTeed is difficult to conjecture. Tt is like 
offering a prize to n crowd of boys for the one who 
oan akate slowest over thin ice. The minininm speed 
is the most dangerous with the aeroplane as with the 
skater. Other things being equal, the highest speed 
is the safest for an aeroplane. Even when his engine 
stops in mid-air, the aviator is compelled to keep up 
speed sufficient to prevent a fall by gliding swiftly 
downward until the very moment of landing. 

The air surface necessary to float a plane is spread 
out in one area in the monoplane, and divided into 
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3 ureas, one above tlie other and G to i) feet apart, 

, tlie biplane; if eloscr tlian tliis, the diatiirbHnco 

«f the air bv tlie passage of one plane affects the siip- 

)orting power of the other. It has been suggested 

rlliat better results in the line of carrying power 

rould be secured by so placing the upper plane that 

^ts front edge is a little back of the rear edge of the 

■lower plane, in order that it may enter air that is 

vrbolly free from any currents produced by the rusli- 

5 of the lower plane. 

As yet, there is a difference of opinion among the 

iriocipat aeroplane builders as to where the pro- 

Kller should be placed. All of the monoplanes liavo 

Wit in front of the main plane. Most of the biplanes 

lave it behind the main plane ; some have it between 

Kthe two planes. If it is in front, it works in uudis- 

Mrbed air, but throws its wake upon the plane. If 

Pt is in the rear, the air is full of currents caused 

' die passage of the planes, but the planes have 

Dth air to glide into. As both types of machine 

B eminenlly successful, the question may not be ao 

mportant as it seems to the disputants. 

The exact form of curve for the planes has not 

\ decided upon. Experience has proven that of 

MO aeroplanes having tLe same surface and run at 
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the same speed, one may Le able to lift twice as much 
as the other because of the better curvature of its 
planes. The action of the air when surfaces arc 
driven through it is not fully understood. Indeed, 
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•Section of the "paradox" aeroplane. 



the form of plane shown in the accompanying figure 
is called the aero])lane ])aradox. If driven in either 
direction it leaves the air with a downward trend, 
and therefore^ (»xerts a ])rop()rtional lifting ])ower. 
If half of the plane is taken away, the other half 
is i>ressed downwanl. All of the lifting effect is in 
the curving of the top side. It seems desirable, tlierc^ 
fore, that such essential factors shcmld bo thoroughly 
worked out, iniderstood, and applied. 
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rUTthological — I^ooardo da Vinci — Veraniio— John Wilkinn — 
Derail r — Marquis de Battjueville — PauctoD — Dtsforgw — 
Me^rwein — Steotwl — Ilenson — \'on Drieberg — Wen ham — 
Horatin rhillipa — Sir Iliram Maxim — Lilit^ntlial — I.augky 
— Ailer — I'ilolipr — Oclave Clianiile — Herring — Hargravv — 
The Wriglit brothera — Archdeacon — Sanlos-Dumont — Voi- 
Bin— Bleriot. 

THE terra Fljing Macliinea is applied to all 
forms of aircraft wliicli are heavier than air, 

and which lift and sustain (liemselves in tlio air by 
mechanical meaoB. In this respect they are distin- 
guished from balloons, which are lifted and sus- 
tained in the air by the ligh(er-tl Jan-air gas which 
they contain. 

From the earliest times tlie desire to fly in the air 
has been one of the strong ambitions of the hnman 
race. Even the prehistoric mythology of the ancient 
Greeks refleeleil the idea in the story of Icarus, who 
flew 90 near to the sun that the lieat melted the wax 
which fastened his wings to his body, and ho fell 

into the sea. 

56 
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Perhaps the first historical record in the line of 
mechanical flight worthy of attention exists in the 
remarkable sketches and plans for a flying mechan- 
ism left by Leonardo da Vinci at his death in 1519. 
lie had followed the model of the flying bird as close- 
ly as possible, although when the wings were out- 
spread they had an outline more like those of the bat. 
While extremely ingenious in the arrangement of the 
levers, the power necessary to move them fast enough 
to lift the weight of a man was far beyond the mus- 
cular strength of any human being. 

It was a century later, in 1617, that Veranzio, a 
Venetian, proved his faith in his inventive ability 

by leaping from a tower in Venice with a crude, 
parachute-like contrivance. lie alighted without in- 
jury. 

In 1684, an Englishman, John Wilkins, then 
bishop of Chester, built a machine for flying in 
which he installed a steam-engine. No record exists 
of its performance. 

In 1678, a French locksmith by the name of Bes- 
nier devised what seems now a very crude apparatus 
for making descending flights, or glides, from ele- 
vated points. It was, however, at that date consid- 
ered important enough to be described in the Journal 
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of tJie Savants. It was a wholly unscientitic com- 
bination of the " dog-paddle " motion in swimmlDg, 
with wing areas which collapsed on the upward mo- 
tion and spread oitt on the downward thrust. If 
it was ever put to a test it must have failed com- 
pletely. 

In 1742, the Marquis de Bacqueville constructed 
an apparatus which some consider to have been 
baaed on Besmer's idea — which acems rather doubt- 
ful. He fastened the surfaces of his aeroplane di- 
rectly to his arms and legs, and succeeded in mak- 
ing a long glide from the window of his mansion 
across the garden of the Tuileries, alighting upon 
a washerwoman's bench in the Seine without in- 
jury. 

Paucton, the mathematician, is credited with the 
suggestion of a flying machine with two screw pro- 
pellers, which he called " pterophores " — a horizontal 
one to raise the machine into the air, and an upright 
one to propel it. These were to be driven by hand. 
With such hopelessly inadequate power it is not sur- 
prising that nothing came of it, yet the plan was a 
foreshadowing of the machine which has in these 
days achieved success. 

The Abb^ Desforgcs gained a place in the aonals 
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of ncron nil tics liy inventing a il.yiiig t; 
wliiirlj only tliu name " Ortliiipleie " remains. 

About 17B0, Karl Friodrich Mi-erwein, an arclii- 
tect, and the Inspctor of Public Buildings for 
Baden. Gerinanv, niadL' tiianv wicntitii? ealculations 
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and experiments on tbo size of wing surfaee neeiled 
to support a man in the air. He used the wild duck 
as a standard, and figured that a surface of 126 
square feet would sustain a man in the air. This 
agrees with the lator calculations of such experi- 
menters as Lilienthal and Langlcy, Other of Sleep- 
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wcin's c'lncliisimis are decidedly ludicrous. He Leld 
that Ihe build of a man favors a lioriRontiil position 
in flj'iug, as bis noatrila open in a direction which 
wonM be away from the wind, and so respiration 
would not be interfered with ! Some of liia reason- 
ing is unaccountably astray; aa, for instance, his ar- 
gument that because the man hangs in Ibc wings the 
weight of the latter need not be considered. It is 



almost net'dlc'ss to stiv thai his in'actical Iriais were 
a total failure. 

The next prominent step forward toward me- 
chanical flight was made by the Australian watch- 
maker Dcgen, wlio balanced his wing siirfaces with 
a email gas balloon. Ilia first efforts to fly not being 
atiocessful, he abandoned his invenlion and took to 
ballooning. 

Stentzel, an engineer of Hamburg, came next with 
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a machine in the form of a gigantic butterfly. 
tip to tip of its wings it measured 20 feet, and tlicir 
depth fore and aft was 5J feet. The ribs of the 
wings were of pIwI hik! Ihe web of silk, and they 
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were slightly concave on the lower side. Tlie rud- 
der-tail was of two intersecting planes, one vertical 
and the other horizontal. It was operated by a cai^ 
bonic-acid motor, and made 84 flaps of the wings 
per minute. The rush of air it produced was «> 
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groat that any one standing near it would be almost 
swept off his feet. It did not reach a stage beyond 
the model, for it was able to lift only 75 lbs. 

In 1843, tlie English inventor Henaon built what 

is admitted to be the first aeroplane driven by motive 

power. It was 100 feet in breadth (spread) and 30 

feet long, and covered with silk. The front edge waa 

turned slightly upward. It had a rudder shaped like 

the tail of a bird. It was driven by two propellers 

run by a 20-liorse-power engine. Henaon sueeeeded 

only in flyijig on a down grade, doubtless because of 

the upward bend of the front of his plane. Later 

mvestigations have proven that the upper surface of 

i tiie aeroplane must be convex to gain the lifting ef- 

I feet. This is one of the paradoses of flying planes 

I vhieh no one has been able to explain. 

In 1845, Von Dricherg, in Germany, revived the 
sixteenth-century ideas of flying, with the quite orig- 
inal argument that since the legs of man were better 
developed muscularly than his anna, flying should be 
done with the legs. He built a machine on this plan, 
but no successful flights are recorded. 

In 1868, an experimenter by tlie name of Wen- 
ham added to the increasing sum of aeronautical 
knowledge by discovering that the lifting power of 
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a large snpporfiiig surface may be as well secured J 
bv a number of small surfaces i)laced one above an-J 
othcT. Following up these DXperimente, be built {il 




Von Dricborg'a mBohim; 



flying machine witli a series of six supporting planes 
made of linen fabric. As be depended upon muscu- 
lar effort to work bis projiellers, be did not succeed 




in flying, bnt be gained infonuation which has been 
valuable to later inventors. 

The history of flying machines cannot be written 




It lifted unusually heavy loads, although not large 
enough to carry a man. It aoeina to open the way 
for experiments with an entirely new arrangement 
of sustaining surfaces — one that lias never since 
been investigated. Phillips's records cover a aeries 
of most valuable cxjJcriuieDts. Perhaps hia most ini- 
portont work was in the determination of the most 
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advantageous form for tlic surfaces of aeroplanes, 
and his researches into the correct proportion of mo- 
tive jmwer to the area of such siirfaces. Much of 
his results have not yet been put to practical 
designers of flying machines. 

The year 1888 was marked by the construction by 
Sir Hiram Maxim of his great aeroplane which 
weighed three and one-half tons, and is said to have 
cost over $100,0(10. The area of the planes was 
3,875 square feet, and it was propelled by a steam 
engine in which tlie fuel used was vaporized naph- 
tha in a burner having 7,500 jets, under a boiler of 
small copper water tubes. With a steam pressure of 
3:20 lbs. per square inch, the two compound engines 
each developed ISO horse-power, and each turned a 
two-bladed propeller 17J feet in diameter. The ma- 
chine was used only in making tests, being prevented 
from rising in the air by a restraining track. The 
thrust developed on trial was 2,164 Iba., and the lift- 
ing power was shown to have been in excess of 10,- 
000 lbs. The restraining track was torn to pieces, and 
the machine injured by the fragments. The dyna- 
mometer record proved that a dead weight of ^ 
tons, in addition to the weight of the machine and 
the crew of 4 men, could have been lifted. The 
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stability, speed, an<l stt'i'ring contrul wcro not tpsled. 
Sir Hiram Mnsiiii luaiie imininilKTed experiments 




with models, gaiBing information whicli Ims Leon in- 
valuable in tho development of tlit> aeroplane. 

The experiments of Otto Lilienthal in gliding 
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witli a winged structure were being conducted at this 
period. He held tliat success in flying must be 
founded upon proficiency in ttie art o£ balancing the 
apparatus in the air. He made innumerable glides 
from heights whifli he continimlly incrfiisutl luilil Iio 



was travelling distances of nearly one-fourth of a 
mile from an elevation of 100 feet. He had reached 
the point where he was ready to install motive power 
to drive his glider when he met with a fatal accident. 
Besides the inspirnlion of his daring personal ex- 
periments in the air, he left a most valuable series 
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Y of records and calfulalions, which have been of the 
I greatest aid to otlier invcators in the line f>f arti- 
l.-ficial flight. 

In 1896, Professor Langley, director of the Smith- 

leonian Inslitnlion at Washington, made a teat of a 

I model fl^'ing machine wliich was the result of years 

■ of experimenting. It had a span of 15 feet, and a 

5th of SJ feet wilhont tlie extended rudder, 

I There were 4 sails or planes, 2 on eaeh side, 30 

Ijnclics in width (fore-and-aft measurement). Two 

propellers revolving in opjKJsitc directions were driv- 

mtsa by a steam engine. The diameter of the propel- 

Klera was 3 feet, and the steam pressure 150 lbs. 

V|)er square inch. The weight of the machine waa 

KS8 Iba. It is said to have made a distance of 1 

C'lmle in 1 minute 45 seconds. As Professor Lang- 

I ley's experiments were conducted in strict secrecy, 

Imo authoritative figures are in existenci;. Later a 

larger machine was built, which waa intended to 

Bcarry a man. It had a spread of 46 feet, and was 

ftS5 feet in length. It waa four years in building, 

(«nd cost about $50,000. In the first attempt to 

tauDcb it, froiti the roof of a house-boat, it plunged 

into tlie Potouiae Eivcr. The explanation given waa 

iliat the launching apparatus waa defective. This 
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was remedied, and a second trial made, but the samei 
result followed. It was never tried again. ThU 1 
machine was really a double, or tandem, monoplane. , 
The framework was built of steel tubing almost i 
thin as writing paper. Every rib and pulley was 
hullnwcd out to reduce the weight. The total weight I 
of the engine and machine was 800 lbs., and the J 
supporting surface of the wings was 1,040 square J 
feet. The aeroplanes now in use average from 2 to j] 
4 11)3. weight to the square foot of sustaining surface. J 

About the same time the French electrician Ader, 
after years of experimenting, with the financial aid 
of the French Government, made some secret trials 
of Ilia machine, which had taken five years to build. 
It had two bat-like wings spreading 54 feet, and was 
propelled by two screws driven by a 4-cylinder 
steam engine which bas been described as a marvel 
of lightness. The inventor claimed that he was able 
to rise to a height of 60 feet, and that he made flights 
of several hundred yards. The official tests, how- 
ever, were unsatisfactory, and nothing further was 
done by either the inventor or the government to con- 
tinue the experiments. The report was that in every 
trial the machines had been wrecked. 

The experiments of Lilienthal had excited an in- 
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tcrest in his ideas which hia imliinely death did not 
abate. Among others, a young English marine en- 
gineer, Percy S. Pilclier, took up the problem of 
gliding flight, and by the device of using the power 
exerted by running boys (with a five-fold multiplying 
gear) he secured speed enough to float his glider hori- 




zontally in the air for some distance. He then built 
an engine which he purposed to install as motive 
power, but before this was done he was killed by a 
fall from his machine while in the air. 

Before the death of Lilienthnl his efforts had at- 
tracted the attention of Octave Chanute, a diatin- 
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giiialicd civil cuf^'iiietT nf C'liieago, wlio, Lelievingl 
thflt the real problfiii of the glider was the i 
teuance of eqiiilibriiiin in the air, instituted a series I 
of exjx'riments along that line. Lilienthal had pre- J 
served his equilibrium by moving his body about t 
he hung suspended under the wings of his iuachina> I 




Clianuto proposed to accomplish the same end by 
moving the wings automatically. His attempts were 
partially successful. He constructed several types of 
gliders, one of these with two decks exactly in Ihe 
form of the present biplane. Others had three or 
more decks. Upward of seven hundred glides were 
made with Chanute's machines by himself and as- 
Bistants, without a single accident. It is of interest 
to note that a month before the fatal accident to 
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Lilienthal, Clianute hnd coadenmcJ that form of 
glider as unsafe. 

In 1897, A. 51. Herring, who had heeQ one of 
the foremost assistants of Octave Chanute, bnilt a 
double-deck (biplane) machine and equipped it with 
a gasoline motor between the planes. The engine 
failed to prodnre sufficient power, and an engine 
operated hj compressed air was tried, but without 
the desired success. 

In 18!)8, Lawrence Ilargrave of Sydney, New 
Soutb Wales, came inio prominence as the inventor 
of the cellular or box kite. Following the researches 
of Chanute, he made a series of experiments u{H)n 
the path of air currents under variously curved 
surfaces, and constructed some kites which, under 
certain conditions, would advance against a wind be- 
lieved to he absolutely horizontal. From theap re- 
sults Hargrave was led to assert that " soaring 
sails" might be used to furnish propulsion, not only 
for flying machines, but also for ships on the ocean 
sailing against the wind. The principles involved 
remain in obseurily. 

During the years lUOO to 1903, the brothers 
Wright, of Dayton, Ohio, had been experimenting 
with gliders among the sunJ dunes of Kitty Hawk, 
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North Cnrolina, a email bamlet on the Atlantic ' 
Coast. Tbey Lad gone there because the Government 
meteorological department liad informed them that at 
Kitty Hawk the winds blew more steadily than at 
any other locality in the United States. Toward the 
cn-l of the summer of 1003, tbey decided that the 

Wllliut Wright slidiDR Bl Kiiii- Huwk, N, C. in I1K)3. 

time waa ripe for the installation of motive power, 
ami on December 17, 1903, they made their first 

four fligbts niider jKiwer, the longest Iwing 853 feet 
in 55) seconds— against a wind blowing nearly 20 
miles an liour, and from a starting point on level 
ground. 

During 1004 ovtfr one hundred flights were made, 


1 
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and changes in construction necessary to sail in cir- 
cles were devised. In 1905, the Wrights kept on 
secretly with their practice and development of their 
machine, iirst one and then the otlier making tlie 
flights until both were equally proficient. In the 
latter part of Septemtier and early part of October, 
11105, occurred a series of flights which the Wrighta 
allowed to become known to the public At a meet- 
ing of the Aeronautical Society of Great Britain, 
held in London on December 15, 1905, a letter from 
Orville Wright to one of the members was read. 
It was dated November 17, 1005, and an excerpt 
from it is as follows: 

" During the month of September we gradually 
improved in our practice, and on tlic 26th made a 
flight of a little over 11 miles. On the 30lh we in- 
creased this to 12^tli miles; on October 3, to 15J 
miles; on October 4, to 20^ miles, and on October S, 
to 24^ miles. All these flights were made at about 
38 miles an hour, the flight of October 5 occupying 
30 minutes 3 seconds. Landings were caused by the 
exhaustion of the supply of fuel in the flights of 
September 26 and 30, and October 8, and in those 
of October 3 and 4 by the heating of the bearings 
in the transmission, of which the oil cups bad been 



74 



FLYING MACHINES. 



ouiilted. lint l^-fore the flight on October 5, oil cups 
had liecn fitted to all the Wariiigs, and the small 
gasoline can had been replaced with one that carried 
enough fuel for an hour's flight. Unfortunately, we 
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neglected to refill ilie reservoir just lH.'fore starting;, 
and as a result the flight was limited to 38 min- 
utes. , . , 

" The machine passed through all of these flights 
without the slightest damage. In each of these 



FLYING MACHINES. 

fligiits we rctumetl frequently tu \\\i' starting point, 
, passing high over the heads of the spectators." 

These atatementB were received with incredulity 
' in many parts of Europe, the more so as the 
' Wrights refused to permit an examination of their 
[jnachine, fearing; that the dotaila nf ci:instnictiim 



might become known hefore their patents were 
secured. 

Durine the summer of 1005, Cu|)tain Ferber and 
Ernest Archdeacon of Paris had made experiments 
with gliders. One of the Archdeacon machines 
was towed hy an automobile, having a bag of 
sand to occupy the place of the pilot. It roso 
catisf actor ily in the air, but the tail became dis- 
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arranged, and it fell and waa damaged. It was re- 
built and tried upon the waters of tlie Seine, being 
towed by a fast motor-boat at a speed of 25 miles 
an hour. The machine rose about 50 feet into the 
air and sailed for about 500 feet. 

Archdeacon gathered a company of young men 
about him who speedily became imbued with hia en- 
tbusiasm. Among them were Gabriel Voisin, Louia 
Bleriot, and Leon Delagrange. The two former, 
working together, built and flew several gliders, and 
when Santos-Dumont made bis historic flight of T20 
feet with his multiple-cell machine on November 13, 
1906 (the first flight made in Europe), they were 
spurred to new endeavors. 

Within a few months Voisin had finished his 
first biplane, and Delagrange made hia initial 
flight with it — a mere hop of 30 feet — on March 
16, 1907. 

Bleriot, however, had his own ideas, and on Au- 
gust 6, 1907, he flew for 470 feet in a monoplane 
machine of the tandem type. He succeeded in steer- 
ing his machine in a curved course, a feat which had 
not previously been accomplished in Europe. 

In October of the same year, Henri Farmau, then 
a well-known, automobile driver, flew the second 
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Voisin biplane in a half circle of 253 feet — a no- 
table achievement at tliat date. 

But Santos-Duniont Lad been pushing forward 
BGveral different types of machines, and in November 
he flew first a biplane 500 feet, and a few days later 
a monoplane 400 feet. 

At this point in our story the past seems to give 
place to the present. The period of early develop- 
ment was over, and the year 1908 saw the first of 
those remarkable exploits which are recorded in the 
chapter near the end of this work entitled, " Chron- 
icle of Aviation Achievements." 

It is interesting to note that the machines then 
brought out are those of to-day. Practically, it may 
be said that there has been no material change from 
the original types. More powerful engines have 
been put in them, and the frames strengthened in 
proportion, but the Voisin, the Bleriot, and the 
Wright types remain as tliey were at first. Other 
and later forms arc largely modifications and com- 
binations of their peculiar features. 



Chapter V. 
FLYING MACHINES: THE BIPLANE. 

SuccesAful types of aeroplanes — Distinguishing features — ^The 
Wright biplane — C'oustruction — New tyi>e — Five-passenger 
machine — ^The Voisiu biplane — New racing type — ^The Cur- 
tiss biplane — The Cotly biplane — The Sommer biplane — 
The Baldwin biplane — New stabilizing plane — The Bad- 
deck No. 2 — Self-sustaining ra<Iiator — The Herring biplane 
— Stabilizing fins. 

IN the many contests for prizes and records, two 
types of flying machines liave won distinctive 
places for tliemselves — tlie biphme and the mono- 
plane. The appearance of other forms lias been 
sporadic, and they have speedily disappeared with- 
out accomplishing anything which liad not been bet- 
ter done by the two classes named. 

This fact, however, should not be construed as 
proving tlie futility of all other forms, nor that the 
ideal flying machine must be of one of these two 
prominent types. It is to be remembered that rec- 
ord-making and record-breaking is the most serious 
business in w^hich any machines have so far been 
78 
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engaged ; and this, surely, is not the field of i 
ness to huTDBnity which the ships of the air may be 
expected ultimately to occupy. It may yet be proved 
that, successful as these machinea have been in what 
they have attempted, they are but transition forms 
leading up to the perfect airship of the future. 

The distinguishing feature of the biplane is not 
alone that it has two main planes, but that they are 
placed one above the other. The double (or tandem) 
monoplane also has two main planes, but they are on 
the same level, one in the rear of the other. 

A review of the notable biplanes of the day must 
begin with the Wright machine, which was not only 
the first with which flights were made, but also the 
inspiration and perhaps the pattern of the whole 
succeeding fleet 

THE WBIOHT BIPLANE. 

The Wright biplane is a structure composed of 
two main surfaces, each 40 feet long and 6 feet 6 
inches wide, set one above the other, parallel, and 
6 feet apart. The planes are held rigidly at this dis- 
tance by struts of wood, and the whole structure is 
trussed with diagonal wire ties. It is claimed by 
the Wrights that these dimensions have been proven 
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by their ex]>erinients to give the maxinimii lift witli 
the miniiniuii weight. 

Tlie combination of planes is mounted on two 
rigid skids, or runners (similar to the runners of a 
sleigh), \vhieh are extended forward and upward to 
form a support for a pair of smaller planes in par- 
allel, used as the elevator (for directing the course 
of the aeroplane upAvard or downward). It has been 
claimed by the Wrights that a rigid skid under- 
structure takes up the shock of landing, and checks 
the momentum at that moment, better than any other 
device. But it necessitated a separate starting appa- 
ratus, and while the starting impTilse thus received 
enabled the Wriglits to use an engine of less poAver 
(to kee]) the machine* going when once started), and 
therefore of less dead weight, it proved a liandicap 
to their machines in contests wliere thev were met bv 
competing machines which started directly with their 
own power. A later model of the Wright biplane 
is provided with a wheeled running gear, and an 
engine of sufficient power to raise it in tlie air after 
a short run on the wheels. 

Two propellers are used, run by one motor. They 
are built of wood, are of the two-bladed type, and 
are of comnarativelv lariie diameter — 8 feet. Thev 
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rcvdivt' in ii|i[H>9il(' ilirpcliona at a speetl of 450 rev*v 
Ititiona per iniiintc, being geared down hy chain 
Jrive from the engine speed of 1,500 revohitiona per 
niinuto. 

The large elevator p]ane» in front have lieen a dis- 
rincfive feature of the Wright machine. They have 
a combined area of SO square feet, adding that much 
more lifting surface to the planes in ascending, for 
rhen the under aide of their surfaces is exposed to 
the wind. If the same siirfaeea were in the rear 
nf the main planes fheir lop aides would have to be 
turned to llie wind when ascending, and a depressing 
instead of a lifting effect would resiilt. 

To the rear of the main planea is a rudder com- 
posed nf two parallel vertical surfaces for steering 
to right or left. 

The feature essentiid to the Wright biplane, upon 
which the letters patent were granted, is the flexible 
construelion of the tips of the main planes, in virtue 
of which they may he warped up or down to restore 
disturbed equilibrium, or when a turn ia to be made. 
This warping of the planes changes the angle of in- 
cidence for the part of ihe plane which is bent, 
(The angle of incidence is that which the plane 
makes with the line in which it is moving. The 
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bending downward of the rear edge would enlarge the 
angle of incidence, in that way increasing the com- 
pression of the air beneath, and lifting that end of 
the plane.) The wing- warping controls are actu- 
ated by the lever at the right hand of the pilot, which 
also turns the rudder at the rear — that which steers 
the machine to right or to left. The lever at the left 




Sketch showing relative pontions of planes and of the operator in the Wright 
machine: A, A, the main planes ; B, B, the elevator planes. The motor 
is placed beside the operator. 



hand of the pilot moves the elevating planes at the 
front of the machine. 

Tlio motor has 4 cylinders, and develops 25 to 
30 horse-power, giving the macliine a speed of 89 
miles per hour. 

A newer model of the Wright machine is built 
without the large elevating planes in front, a single 
elevating plane being placed just back of the rear 
rudder. This arrangement cuts out the former lift- 
ing effect described above, and substitutes the de- 
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pressing effect due to exposing the top of a surface 
to the wind. 

The smallest of the Wright macliines, popularly 
called the " Baby Wright," is built upon this plan, 
and has proven to be the fastest of all the Wright 
series. 

THE VOISIN BIPLANE. 

While the Wrights were busily engaged in devel- 
oping their biplane in America, a group of enthu- 
siasts in France were experimenting with gliders of 
various types, towing them with high speed auto- 
mobiles along the roads, or with swift motor-boats 
upon the Seine. As an outcome of these experi- 
ments, in which they bore an active part, the Voisin 
brothers began building the biplanes which have 
made them famous. 

As compared with the Wright machine, the Voisin 
aeroplane is of much heavier construction. It 
weighs 1,100 pounds. The main planes have a lat- 
eral spread of 37 feet 9 inches, and a breadth of 7 
feet, giving a combined area of 540 square feet, the 
same as that of the Wright machine. The loAver 
main ])hme is divided at the centre to allow tlie in- 
troduction of a trussed girder framework which car- 
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rics llie motor and propeller, Ibe pilot's aeut, the 
controlling itii,-cliamsin, and tbe running gear bolow; 
and it is extended fon,vard to support the elevator. 
Tliia is mncL lower than in the Wright machine, 
being uearlv ou tbe level of the lower plane. It is 
a single snrface, divided at the centre, half being 
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placed on each side of the girder. It has a com- 
bine<1 area of 42 square feet, about half of that of 
the Wright clevHtor, and it ia only -t feet from the 
front edge of the main planes, instead of 10 feet aa 
in the Wright machine. A framework nearly siinare 
in section, and about 25 feet long, extends lo the 
rear, and supports a cellular, or box-like, tail, which 
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forms a oase in which is the rutiik-r surface for steer-l 
ing to right or to left. 

A distinctive feature of the Voisin biplane ia the 
nse of four vertical plnnes, or eurtaina, between the 
two main planes, forming Iwn nearly aipiaro " cells "i 
at the ends of the planes. ' 

At the rear of the main pluiips, iu tbe centre, ia 
the single propeller. It is maile of steel, two-bladed, 



1 




and is 8 foct C inches iu diameter. It is conpled 
directly to the shaft of the motor, making with it 
1,200 revolutions per minute. The motor ia of the 
V type, developing 50 horse-power, and giving a 
speed of 37 miles per hour. 

The controls are all actuated by a md sliding back 
and forth horizontally in front of the pilot's seat, 
having a wheel at the end. The elevator is fastened 
to the rod by a crank lever, and is tilted up or dnwn 
as the rod is pushed forward or pulled back. Turn- 
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ing the wheel from side to side moves the rudder in 
the rear. There are no devices for controlling the 
equilibrium. This is supposed to be maintained au- 
tomatically by tlie fixed vertical curtains. 

The machine is mounted on two wheels forward, 
and two smaller wheels under the tail. 

This description applies to the standard Voisin 
biplane, which has been in much favor wnth many 
of the best kno\\Ti aviators. Recentlv the Voisins 
have brought out a new tyjie in which the propel- 
ler has been j)laced in front of the planes, exert- 
ing a pulling force upon the machine, instead of 
pushing it as in the earlier tyjx?. The elevating 
plane has been removed to the rear, and combined 
with the rudder. 

A racing type also has been produced, in which 
the vertical curtains have been removed and a par- 
allel pair of long, narrow ailerons introduced between 
the main planes on both sides of the centre. This 
machine, it is claimed, has made better than 60 miles 
per hour. 

The first Voisin biplane was built for Delagrange, 
and was flown by him with success. 
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, THE FAKMA.V BII'LAXF. 

TIn^ apmnd biplane built by the Vnisins went into 
tlie hands nf Henri Famiau, \\\\o made many flights 
with it. ^"ot being tjuile satisfied with Ihf niaebine, 
and haviug an inventive mind, In; waa soun Ijiiilding 
a Liplaue after his em's designs, and the Farrnan bi- 
plane is now one of the foremost in favor among 
both professional and amateur aviators. 

It is decidedly smaller in area of surface than the 
Wright and Voisiii mat'hinea, Ijaving but 430 square 
feet ill the two siipjiorting planes. It has a spread 
of 33 feet, and the planes are 7 feet wide, and set G 
feet apart. In the Farman machine the vertical cur- 
taina of the Voisin have been dispensed with- The 
forward elevator is there, but raised nearly to the 
level of tliL' iipjKT plane, and placed !l feel from the 
front edge of the main planes. To control the equi- 
librium, the two back comers of caeh plane are cut 
and hinged so that they han^ vertically when not in 
flight. When in motion these flaps or ailerons 
Btrcem out freely in the wind, assuming such posi- 
tion as the s]wed of the passing air gives theiji. They 
are piilldl down by llie pilot at one end op the other, 
ae may bo necessary to restore equilibrium, acting 
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in very imit-li rla- same maimer as tlie warping tips 
of the WrigLt machine. A pair of tail planes are set 
in parallel im a framework about 20 feet in the rear 
ijf the main planes, and a double rudder surface be- 
hind tliem. Another model lias hinged ailerons on 
these iwil plnnes, am! a ,=inple riidder surface set up- 




right betwfcn them. These tail ailerons are moved 
in conjunction with those of the main planes. 

The motor has 4 cylinders, and turns a propeller 
made of wood, 8 feet tJ inches in diameter, at a speed 
of 1,300 revolutions per minute — nearly three times 
as fast as the speed of the Wright propellers, which 
are about the same size. The propeller is placed just 
under tlie rear edge of the upper main plane, the 
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lo\v(^r one being cut away to make room for the re- 
volving l)la(l(»s. The motor develops 45 to 50 horse- 
power, and drives the machine at a speed of 41 mile^ 
per hour. 

The " racing Farman " is slightly diflFerent, hav- 
ing the hinged ailerons only on one of the main 
planes. The reason for this is obvious. Every de- 
pression of the ail(»rons acts as a drag on the air 




Sketch of Farman machino, showinipc position of oporntor. A, A, main pianos; 

B, elevator; C, motor: P, tail planes. 

flowing imder the jihnics, increasing tlie lift at the 
expense of the s])oc<l. 

The whole structure is mounted uj^on skids with 
wdieels attached hv a flexible connect i<m. In case 
of a severe jar, the wheels are pushed up against the 
springs until the skids come into play. 

The elevator and the wing naps are controlled by 
a lever at the right hand of the pilot. This lever 
mov(»s on a universal joint, the side-to-side mov(»- 
m(»nt working the flaps, and the forward-and-back 
motion the elevator. Steering to right or left is 
done with a bar operated by the feet. 
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Fannan has himself made many records with 
his machine, and so have others. With a slightly 
larger and heavier machine tlian the one described, 
Farman carried two passengers a distance of 35 
miles in one hour. 

THE rURTISS BIPLAXE. 

This American rival of the Wright biplane is the 
liglitest machine of this tyj)o so far constructed. The 
main planes are but 20 feet in spread, and 4 feet G 
inches in width, and are set not quite 5 feet apart. 
The combined area of the two ])lane3 is 250 square 
feet. The main ])lanes are placed midway of the 
length of the fore-and-aft structure, which is nearly 
30 feet. At the forward end is placed the elevator, 
and at the rear end is the tail — one small ])lane sur- 
face — and the vertical rudder surface in two parts, 
one above and the other below the tail plane. Equi- 
librium is controlled by changing the slant of two 
small balancing j)lanes which are placed midway be- 
tween the main ]>lanes at the outer ends, and in line 
with the front edges. These balancing j)lanes are 
moved by a lever standing upright behind the pilot, 
having two arms at its upper end which turn for- 
ward so as to embrace his shoulders. The lever is 
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moved to right or to left by the swaying of the pilot's 
body. 

The motor is raised to a position where the shaft 
of the propeller is midway botw(»en the levels of the 
main planes, and within the line of the rear edges, 
so that they have to be cut away to allow the passing 
of the blades. The motor is of the V type, with 8 
cylinders. It is 30 horse-power and makes 1,200 
revolutions per minute. The propeller is of steel, 
two-bladed, 6 feet in diameter, and revolves at the 
same speed as the shaft on which it is niounted. 
The high position of the engine p(»rniits a low run- 
ning gear. Tliere are two wlieels under tlio rear 
edges of the main planes, and anotlier is ])lace(l lialf- 
way between the main planes and tlie forward rud- 
der, or elevator. A brake, o])erate(l by tlie j)ilot\s 
foot, acts upon this forward wheel to check the speed 
at the moment of landing. 

Another tyjx? of ( 'urtiss machine has the ailerons 
set in the rear of the main planes, instead of be- 
tween them. 

The Curtiss is the fastest of the biplanes, being 
excelled in speed only bv sohk* of tlie monoplanes. 
It has a record of ."il miles per hour. 
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THE CODY BIPLASE. 

The Cody biplane has the distinction of being 
the first supcesBfiil British aeroplane. It was cle- 
fiigDoil and flown by Captain S. F. ('ody, at one time 
an American, but for some years an officer in the 
British army. 

It is the largest and heaviest of all the biplanes, 
weighing about 1,800 lbs., more than three times 
the weight of the Curtiss machine. Its main planes 
are 52 foet in lateral spread, and 7 feet 6 inches in 
width, and are set 3 feet apart. The combined area 
of these sustaining surfaces is 770 square feet. 
The upper plane is archeil, so that the ends of the 
main planes are slightly closer together than at the 
centre. 

The elevator is in two parts placed end to end, 
about 12 feet in front of the main planes. They 
have a combined area of 150 square feet. Between 
them and above them is a small ru<lder for steering 
to right or left in conjnnction with the large rudder 
at the rear of the machine. The latter has an area 
of 40 square feet. 

There are two small balancing planes, set one at 
each end of the main planes, their centres on the 
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■ (.'omer struts, bo that tliey jirojcL-t lifyuuil thu 
lips of the |»lanes Jind Miind tlioir rear lines, 

Tlie biplane is I'outrullfd b_v a lever rod having 
I wheel at the end. Turning llie wheel moves the 
adders; pushing or pulling the wheel works the 
levator; rnoving the wheel from side to side moves 
9 balancing planes. 
There are two propellers, set one on eaeh side of 
en^ne, and well forward between the niJiiii 
planes. They are of wood, of the two-bladed tj'pe, 
r feet in diameter. They are geared down to niako 
boo revolutions per minute. The motor has 8 eylin- 
lepa and develops 80 horse-power at 1,200 revolu- 
Nona per minute. 

The machine is mounte<I on a wbeeled nuining 

gear, two wheels under the front edge of thti main 

planes and one a short distance forward in the centre. 

"here is al9<i a small wheel at each extreme end of 

9 lower main plane. 

The Cody biplane has freipiently earricd a pas- 

besides the pilot, and is credited with a 

1 of 38 miles per hour. 

[ The first aeroplane flights ever made in England 

J by Captain Cody on this biplane, January 3, 
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TUE t;OMMElI BII'LAKB. 

TLe Sommer biplane is elosety similar to tlio Fai^l 
man rnflcbiiie, but has the hinged aileroni^ only on J 
the upper plane. Another difference is that the tail J 
has but one eiirface, and tlic rudder is hung beneath i 
it. lis dimensions are:^Spread of main planes, 
34 feet; depth (fore-and-aft), fi feet 8 inches; they I 
are set 6 feet apart. The area of the main planes j 
is 456 square feet; area of tail, 07 square feet; area j 
of rudder, 9 square feet. It ia driven by a 50-horsB- 1 
jtower Gnome motor, turning an 8-foot, two-bladed 1 
propeller. 

M. Sommor has flown with three passengers 
total weight of 536 lbs., besides the weight of the 
machine. 



THE BALDWIN BII'LANE. 

The Baldwin biplane, designed by Captain Thom- 
na S. Baldwin, the distinguished balloonist, resem- 
bles the Farman type in some features, and the Cur- 
tiss in others. It has the Curtiss type of ailerons, set 
between the wings, but extending beyond them lat- 
erally, Tlie elevator is a single surface placed in 
front of the machine, and the tail is of the biplane 
type with the rudder between. The spread of the i 
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meiu plaues is 31 feet -i inelies, and their depth 4 
feet C inches. A balaucing piano of 9 square feet 
is get upright (like a tin) above the upper main 
plane, in a swivel. This is worked bv a fork fitting 





on the shoulders »( tlie pilot, and is designed to re- 
store equilibrium by its swinging into head-resistance 
on one side or the other aa may be necessary. 

The motive power is a 4-cylinder Curtiss motor, 
which turns a propeller 7 feet 6 inches in diameter, 
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set just within tbe rear line of the main j)hines, whicli 
are cut awav to clear the propeller blades. 



THE ]JAl)Ui:('K IHIM.ANK. 

The newest biplane of the Aerial Experiment As- 
sociation follows in general contour its successful 
precursor, the " Silver Dart," with which J. A. D. Mc- 
Curdy made many records. The ** Baddeck Xo. 2 " 
is of the biplane type, and both the planes are arched 
toward each other. They have a spread of 40 feet, 
and are 7 feet in de[)th at the centre, rounding to 5 
feet at the ends, where the wing tips, 5 feet by 5 
feet, are hinged. The (^levator is also of the biplane 
type, two surfaces each 12 feet long and 28 inches 
wude, set 30 inches aj)art. This is mounted 15 feet 
in front of the main planes. The tail is mounted 
11 feet in the rear of the main planes, and is the 
same size and of the same form as the elevator. 

The controls are operated by the same devices as 
in the Curtiss machine. The propeller is 7 feet 8 
inches in diameter, and is turned bv a six-cvlinder 
automobile engine of 40 horse-j)ower running at 
1,400 revolutions per minute. The propeller is 
geared down to run at S50 revolutions per minute. 
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rill.' iiuitur irf placed low down tm tlic- lower jiliinc, 
lint the i>ro[H.-Ilt'r almft h raised to a iMisitiou as 
ucarly iis jiussiblo llmt of llie wiitrf iif resistuiiw of 
the iiiiit'liine. Tlie speed attained is 40 milea jmji" 
I'ljiir, 

A unique feature of the mechanism ia the radia- 




tor, which U huili of 30 flattened tubes 7 feet 6 
inches hmj;, and H inches wide, and very thiiL They 



rved fro; 



front to rear like the main planes, 



and give sufficient lift to sustain their own weight 
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iLiLi! tliat uf the water t-arried for cooling the cylin- 
iJlts. Tin; riiuuing gear is of three wheels placed ] 
as in the Ciirtiss machine. The "' Baddeck No, : 
has made many satisfactory flights with one passea- ■ 

gcr heaiJes the pilot. 



THE HEKRINO BIPLANE. 

At the Boston Aircraft Exhibition in February, 
1910, the Herring biplane attracted much attention, \ 
not only because of its superiority of mechanical ' I 
finish, but also on account of its six triangular sta* I 
bilizing fins set upright on the upper plane. Sub- j 
sequent trials proved that this 'machine was quite I 
out of the ordinary in action. It rose into the air . 
after a run of bnt ST) feet, and at a speed of only 
22 miles per hour, and made a 40-degrec turn at a 
tipping angle of 20 degrees. As measured by the 
inventor, the machine rose in the air with the pilot i 
(weighing 190 Iba.), with a thrust of 140 lbs., and 
required only a thrust of from 80 to 85 lbs. to keep 
it fljing. 

The spread of the planes is 28 feet, and they ara 
4 feet in depth, with a total supporting surface of , 
220 feet. A 25 horse-power Curtiss motor turns a 
4-bladed propeller of 6 feet diameter and 5-foot pitch 
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(dosigiicii by Mr. Ilcrriug) at the rate of 1,200 rev- 
olutions jjer minute. 

Tlio elevator conaieta of a pair of parallel surfaces 
set upon hollow poles 12 feet in front of the main 
planes. The tail is a single surface. 

The stabilizing fins act in this manner: when the 
machine tips to one side, it has a tendency to slide 
down an incline of air toward the ground. The fins 
oflFer resistance to this sliding, retarding the upper 
plane, while the lower plane slides on and swings as 
a pendulum into equilibrium again. 

THE BREGUET BIPLANE 

The Breguct biplane is conspicuous in having a 
biplane tail of ho large an area as to merit for the 
machine the title " tandem biplane." The main 
planes have a spread of 41 feet 8 inches, and an area 
of 500 square feet. The tail spreads 24 feet, and 
its area is about "280 square feet. The propeller is 
three-bladed, 8 feet in diameter, and revolves at a 
speed of 1,200 revolutions per minute. It is placed 
in front of the main plane, after the fashion of the 
monoplanes. The motive power is an 8-cylinder 
R-E-P engine, developing 55 horse-power. 
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Chapter VI. 
FLYING HACHINES: THE MONOPLANE. 

The common goal — Interchan^^ing ' features — TIio Bleriot ma- 
chine — First independent fiyer — Construction and controls 
— ^The ** Antoinette " — Larp» area — Great stability — Snn- 
tos-Dumont's monoplant* — Diminutive size — R-F3-I* mono- 
plane — encased structure — Ilauriot machine — Boat hody 
— Sturdy build — l*fitzner machine — Lateral type — Thrust- 
ing propeller — Fairchild. Burliugame. Cromley, Chauviere, 
Vendome, and Moisant monoplanes. 

IN all the ardent striving of the aviators to boat 
each other's records, a 'Surprisingly small amount 
of personal rivalry has Ix^en dev(»Io}H?(l. Doubtless 
this is partly because their efforts to perform <lefinite 
feats have been absorbing; but it must also be that 
these men, who know that they face a ])ossible fall in 
every flight they make, realize that their competitors 
are as brave as themselves in the face of the same 
danger; and that they are actually accomplishing 
niarv^ellous wonders even if thev do no more than lust 
escape disastrous failure. (Vrtain it is that each, 
realizing the tremendous difficulties all must over- 
come, resj)ects the others' ability and attainments. 
112 
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Consequent! J- we do nut find among them two dis- 
lincUy ilivtTgent sdiools i»f ndlierenls, one coniposeil 
of the biplanistii, the oilier of llie luonoplanislA. Nor 
are the two types of machines separated in this book 
for any other purpose than to secure a clearer under- 
standing of wliat is being aehieved by all types in the 
progress toward the one common goal — the flight of 
man. 

The distinctive feature of the monoplane is that 
it has but one main plane, or spread of surface, as 
contrasted with the two planes, one above the other, 
of the biplane. Besides the main plane, it Las a sec- 
ondary plane in the rear, called the tail. The office 
of this tail is primarily to secure longitudinal, or 
fore-and-aft, balance; but the secondary plane has 
been ao constructed that it is movable on a horizontal 
axis, and is used to steer the machine upward or 
downward. While most of the biplanes now have a 
horizontal tail-plane, they were not at first so pro- 
vided, but carried ihe s.econdarv plane for planes) in 
front of the main pianos. Even in the latest type 
brought out by the conservative Wright brothers, the 
former large-surf aet-d elevator in front has been rcr 
moved, and a much smaller tail-plnnc has 1>cen added 
m the rear, performing the same function of steering 
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the machine up or fln>vi!, liiii also jir'iviilinjj tlie fore- J 
and-aft stabilizing feature fornifirly pctriiliar to the I 
moiiojilane. Anotbcr feature heretofore distinctively^ 
belonging to the monoplane has been adopted by some i 
of the newer biplanes, tliat of the traction propeller 4 
— pulliug flio machine Iwhind it thrf>ugh the nir, 
stead of pushing it along by a thrusting propeller i 
plaeed bebinti tlie nmin plaiies. 

The eontimial mnllijilicalion of new forms of t'.ia ] 
monoplane makes it poeaible to nolicc only tbna 
which exhibit the vviiler differences. 



TKE in.KRIOT MOXni-LASE. 

The Bieriot monoplane has the dislinetion of 
being t!ie first wholly siteccssful flying macliii-.c. 
Altboiif^h the Wright maebinc was making flights 1 
years befnre the Blcriot had been built, it was still i 
dependent npon a starting deviee to riuible it ro les 
the groimd. That is, the Wright maehine was not 
eomplctc in itself, and was entirely helpless at even 
a short aiatanee fmm its starting tower, rail, and oar, 
which it wan unable to carry along. 'Bpeanse of ifa 
completeness, M. Rleriot was uble to drive ln"s niB- 
chine from Tonry to .\rten«y, FniiiiH' (n distatioe of 
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I 



I 



S3 miles) on October 31, IStOS, make n laiidiiig, start ■! 
on the return Irip, luake a second landing, »ud again I 
continue his journey back to Toiiry. nil under his 
own unassisted power. This feat was impossible to I 
the Wright machine as it was then constructed, tbiuJ 
leaving the Bleriot monoplane in undisputed pre- J 
eminence in the history of aviation. 

At a little distance, where the details of eonstruo-l 
tion are not visible, the Bleriot machine has the ap-1 
pearance of a gigantic bird. The sustaining eurfacO) J 
consisting of a single plane, is divided into two wi 
made of a stiff parchment-like material, mounted onftl 
on each side of a framework of the body, which iftfl 
built of mahogany and whitewood trussed with di- 
agonal ties of steel wire. 

The main plane has a lateral spread of 28 feet j 
and a depth of 6 feet, and ia roimded at the ends. ItJ 
has an area of about 150 square feet, and ia slightly 1 
concave on the under side. The tail-plane is 6 feet I 
long and 2 feet S inches in depth; at its ends are ] 
the elevators, consisting of pivoted wing tips each '■, 
about 2 feet 6 inches square with rounded extrem- 
ities. The rudder for steering to left or right is I 
mounted at the extreme rear end of the body, and h&B * 
an area of 9 square feet. 
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The body ia framed nearly square in front and 
tapere to a wedge-Hkc edge at the rear. It extends 
far enough in front oi' the main plane to give room 
for the motor and propeller. The seat for the pilot 




luntrng of vheela. 



is on a line with the rear edge of the main planp, and 
above it. The forward i)art of the body ia enclosed 
with fabric. 

The machine i:r! inonntod on tliroe wheels attiicliod 
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to the body: two at the frotil. with ii powerful sprini^ 
Buapenition and jnvntpd like a raster, ami the other 
rigidly at a point just forward of the rudders. 

The lateral balance la restored hy warping the tips 
of the main plant-: ii necesaary, lln> clovatfir tips at 
the rear may l* operated to assist in this. All the 




controls arc actuated by a single lever and a dniiu 
to which the several wires are attaehed. 

The motors used on tlie Bleriot machines have va- 
ried in typo and jiowcr. In tlie " No. XI.," with 
which M. "Bleriot crossed the English Channel, the 
motor was a 3-cylinder Anznni engine, developing 
24 horse-]iowcr at l,:iOO revolutions pur iiiiuulo. The 
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proix^ller was of wood, 2-bladed, and 6 feet 9 inches 
in diameter. It was mounted directly on the shaft, 
and revolved at the same sjjced, giving the machine 
a velocity of 37 miles per hour. This model has 





Sketches nho^ng relative size. oonMtruction, and iK)Hition of pilot in the 
Bleriot machines; **No. XI." (the upper), and "No. XII." (the lower). 



also been fitted with a 30 horse-power K-E-P (R. 
Esnault-Pelterie) motor, having 7 evliiidors. The 
heavier typo " No. XII.'' has been fitted witli the 
50 horse-power Antoinette S-cylind(T engine, or tlie 
7-cylinder rotating Gnome engine, also of 50 hort^e- 
power. 
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Till- totisl woigLt of Uie " Xo. XI." moucplaiie is 
4(i:J jioiiluls, witliont tlie pilot. 



TUK ANTlllK'-iTTE MIJNOPLA^Vi:. 

Tile Antoinette is the largest and heaviest of the 
monoplanes. It was deaigoeil \iy M. Levavasseiir, 
and has proved to be one of the moat remarkable of 
tile aeroplanes by its perfomiancea under adverse con- 
ditions; notably, the flight of Hubert Latham in a 
gale of 40 miles per hour at Blackpool in October, 
1909. 

The Antoinette has a spread of 46 feet, the sur- 
I face being diaiwsed in two wings set at a dihedral 
f angle; that is, the outer ends of the wings incline 
L upward from their level at the body, ao that at the 
I front they present the appearance of a very wide open 
" V." These wings are tra|iezoida] in fonn, willi tlie 
I wider base attached to the body, where they are 10 
I feet in depth (fore and aft). They are 7 feel in 
I'depth at tlie tipu, and hare a total combined area of 
\ 377 aqnare feet. The great depth of the wings re- 
res llijil they be made pmjtort ion ally thick to In- 
I Atroiig enongh to hold their forui; Two frnsf^cd 
I spars are used in each wing, with a short mast nn 
leocbf Lalf-way to the tip, leacbing below tbe wing 
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aa well aa above it. To these are fastened giiy wires, 
making eaeh wing an independent trnss. A mast 
on the body gives attaebment for ^\js whieh bind 
the whole into a light and rigid mnatnietion. The 
framework of tlie wings ia covered on both sides with 
varnished fabric. 

The Iwdy is nf triangular section. It is a long 




girder; at tlie front, in the form of a pyramid, ex- 
panding to a prism at the wings, and tapering toward 
the tail. It is completely covered with the fabric, 
which 19 given several coats of varnish to secure the 
minimum of akin friction. 

The tail is 13 feel long and feet wide, in the 
form of a diamond-ahaijed kite. The rear part 
of it is hinged to be oj>erated as tlie elevator. There 
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is a vertical stabilizing fin set at right angles to the 
rigid part of the tail. The rudder for steering to 
right or left is in two triangular sections, one above 
and the other below the tail-plane. The entire length 
of the machine is 40 feet, and its weight is 1,045 
pounds. 

It is fitted with a motor of the '' V " type, having 
8 cylinders, and turning a 2-bladed steel propeller 
1,100 revolutions per minute, developing from 50 
to 55 horse-power. 

The control of the lateral balance is bv ailerons 
attached to the rear edges of the wings at their outer 
ends. These are hinged, and may be raised as well 
as lowered as occasion demands, working in opposite 
directions, and thus doubling tlio effect of similar 
ailerons on the Farman machine, which can only be 
pulled do\\'nward. 

The machine is mounted on tvvo wheels undcM* the 
centre of the main plane, with a flexilhe wood .ski<l 
projecting forward. Another skid is set under the 
tail. 

It is claimed for the Antoinette machine that its 
inherent stabilitv makes it one of the easi(»st of all 

« 

for the beginner in aviation. With as few as five 
lessons many pupils have become qualified pilots, even 



IJr, FL)/\(; U.ir///.\ /.>•; y///-; MoXol'f.AXK. 

winning prizes against conipotitors of much Avider 
experience. 

THE SANTOS-DUMONT MONOPLANE. 

This little machine may be called the " runabout " 
of the aeroplanes. It has a spread of only 18 feet, 
and is but 20 feet in total length. Its weight is 
about 245 pounds. 

The main plane is divided into two wings, which 
are set at the body at a dihedral angle, but curve 
downward toward the tips, forming an arch. The 
depth of the wings at the tips is 6 feet. For a space 
on each side of the centre they are cut awav to 5 
feet in depth, to allow the propeller to be set within 
their forward edge. The total area of the main plane 
is 110 square feet. 

The tail-plane is composed of a vertical surface 
and a horizontal surface intersecting. It is arranged 
so that it may be tilted up or down to serve as an 
elevator, or from side to side as a rudder. Its hor- 
izontal surface has an area of about 12 square feet. 

The engine is placed above the main plane and the 
pilot's seat below it. The body is triangular in sec- 
tion, with the apex uppermost, composed of three 
strong bamboo poles with cross-pieces held in place by 
aluminum sockets, and cross braced with piano wire. 
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The moliir is of llie opjioBrfl tvpo, niaHo liv Da 
rani, wpij^liing nnlv fit! poiiiKis', and dcvplnping -' 



I 



I 




horse-powpr at l.TiOO n.' volutions jiei- uiiniitp. Tbe 
propDller is of wowl, :i-bladed, and being mounted 
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(!im-llv (.11 thp slijift of ll.f nif.t(tr, rcvolvea at thai 
same vplwity. TIjo sik'ciI •>( tlir Si)iii<w-Diiinont I 
machine is 157 miles per hour. 




The lateral balance is preserved bv a lever wliich-j 
extends upward and enters a lung pocket sewed obI 
the back of the pilot's coat. His leaning from side'l 
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to side warps the rear edges of the wings at their 
tips. The elevator is moved by a lever, and the rud- 
der by turning a wheel. 

While this machine Las not made any extended 
Sights, Santoa-Dimionl. has travelled in the aggregate 
upward i.f 2,000 miles in one or anollier of this tj'pe. 

The plans, with full permission |(. any one to buUd 



filwteh nboirlnc piwli 




from them, he gave to the public as his conlribntion 
to the advanoemeiit of aviation. Several manufac- 
turers are supplying them at a cost much below that 
of an automobile. 



THE R-E-P MONOPLANE. 

The Robert Esnanlt-Petterie (abbreviated by its 
inventor to R-E-P) monoplane, viewed from above, 
bears a striking resemblance to a bird with a fan- 
shaped tail. It id much shorter in proportion to its 
spread than any other monoplane, and the body being 
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entirely covered with fabric, it has qiiile a distinct I 
appearance. 

The plane is divided into two wings, in form verj 
much like the wings of the Antoinette machine^fl 
Their spread, however, is hut 35 feet. Their depth^ 
at the body is 8 feet 6 inches, and at the tips, 5 feet. 1 
Their total combined area ia 22(5 square feet. 

The body of the R-E-P madiiite haa much the ap- J 
pearance of a boat, King wide at the top and comin] 
to a sharp keel below. The boat-iike prow in fronl 
adds to this resemblance. As thp body is encase 
in fabric, these surfaces aid in maintaining vortic 
stability. 

A large stabilizing fin extends from the pilot's » 
to the tail. The tail is comparatively large, havinj 
an area of Ci square feet Its rear edge may 1 
raised or lowered to serve as an elevator. The m^ 
der for steering to right or left is set below in t 
lino of the body, as in a boat, It ia peculiar in thri 
it is of the " compensated '' tyix" ; that ia, nivofe< 
near the middle of its length, instead of at the for- 
ward end. 

The control of the lateral balance is through wiirp-l 
ing the wings. This is by means of a lever at the 
left hand of the pilot, with a motion from side to side. 
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The sanif lever moved forwani or backward con- 
trols tlie elevator. The steering lever is in front of 
tlio jiilot's seat, and moves (o right or lo left. 

The motor is an invention of M. Esnault-Pelterie, 
und may be of 5, 7, or 10 cylindcra, according to 




tile |K)wer desired. Tiie cylinders are arranged 
in two ranks, one in the rear of the other, radiating 
ontward fmin the siiiift like spokes in a wheel. 
The propeller is of sleel. 4-hladed, and rovulves at 
1.400 rcvohitiona jier minute, developing 35 horse- 
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power, and drawing the machine through the air at 
a speed of 47 miles per hour. 

THE JIANRIOT MONOPLANE. 

Among the more familiar machines which have 
been contesting for records at the various European 
meets during the season of 1910, the Hanriot mono- 
plane earned notice for itself and its two pilots, one 
of them the fifteen-year-old son of the inventor. At 
Budapest the Ilanriot machine carried off the honors 
of the occasion with a total of lOfi points for " best 
performances," as against 84 points for the An- 
toinette, and 77 points for the Farman biplane. A 
description of its unusual features will be of in- 
terest by way of comparison. 

In general appearance it is a cross between the 
Blcriot and the Antoinette, the wings being shaped 
more like the latter, but rounded at tlio rear of the 
tips like the Bleriot. Its chief pocuHarity is in the 
body of the machine, which is in form very similar 
to a racing shell — of course with alterations to suit 
the re(]uircmonts of the aeroplane. Its forward 
part is of thin mahogany, fastened upon ash ribs, 
with a steel plate covering the prow. The rear part 
of the machine is covered simply with fabric. 
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The spread of the plane ia 24 feet 7 inches, 
and it has an area of 1"0 square feet. Tlie Ieii{rtb of 
the machine, fore-and-aft, is 23 feet. Its weiglil ia 
4613 pounds. It is mounted on a cbaasis having both 
wheels and skids, somewhat like that of the Farman 
running gear, but with two wheels instead of four. 

The Hanriot machine is sturdily built all the way 
through, and has endured without damage some seri- 
one falls and eolliHiona whieli would have wrecked 
another machine. 

It is fitted either with a Darracq or a Clerget mo- 
tor, and speeds at about 44 miles per hour. 



THE PFITZNEK MONOPLANE. 



The Pfitzner monoplane has the distinction of 
being the first American machine of the single-plane 
type. It was designed and flown by the late Lieut. 
A. L. Pfitzner, and, though meeting with many mis- 
haps, has proved itself worthy of notice by its per- 
formances, through making use of an entirely new 
device for lateral stability. This is the sliding wing 
tip, by which the wing thai tenda to fall from its 
proper level may be lengthened by 15 inche^^, the 
other wing being shortened as much at the same time. 
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Tlierc is iio Inii'f^ilndinHl fltrticttm', iisi in ilif other i 
monoiilani's, \\w constnictiou lieiug transverse itndj 
built \\\n>Q four nia^ta set in the foriu nf & sqiiiire|l 
6 feet iipart, alwiit the ecntre. These are braeeil" 
b^' diagonal i-lniis mul lied ivilii wires nw Ihf ri 




of the sqtmrea. The^ also support the guys reaching 
out to the tips of the wings. 

The plane proper is 31 feet in spread, to which 
the wini^ tips add 2^ feet, and is 6 feet deep, giving 
a total area of 200 square feet. A light framework 
extending 10 feet in the rear carries a tail-plane 6 
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feet in spread and 2 feet in depth. Both the elevator 
and the rudder planes are carried on a similar frame- 
work, 14 feet in front of the main plane. 

The wings of the main plane incline upward from 
the centre toward the tips, and are trussed by vertical 
struts and diagonal ties. 

The motor is placed in the rear of the plane, in- 
stead of in front, as in all other monoplanes. It is 
a 4-cylinder Curtiss motor, turning a 6-foot propeller 
at 1,200 revolutions per minute, and developing 25 
horse-power. 

The Pfitzner machine has proved very speedy, and 
has made some remarkably sharp turns on an even 
keel. 

OTHER MONOPLANES. 

Several machines of the monoi)lane type have been 
produced, having some feature distinct from existing 
forms. While all of these have flown successfully, 
few of them have made any effort to l)e classed among 
the contestants for honors at the various meets. 

One of these, the Fairchild monoplane, shows re- 
semblances to the R-E-P, the Antoinette, and the 
Bleriot machines, but differs from them all in liaving 
two propellers instead of one; and these revolve in 
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with two. The propeller sliafts are on the level of 
the plane, \t\\t the motor is set about 5 feet below, 
coiineetions being; made by a eliain drive. 

The BiiHinganie moiioplaiie has several peeiiliarr 
iiies. Its main plane is divided into two wings, each 
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10 feet ill spread ami 5 feet in depth, and set 18 
inches apart at the bi)dy. They are perfectly rigid. 
The tail is in two sections, each 4 feet by 5 feet, and 
set with a gap of feet between the sections, in which 
the rudder is placed. Thus the spread of the tail 
from tip to tip is 16 feet, as compared with the 21^ 
foot spread t)f tlie main plane. The sections of the 
tail arc ojK^rated iiide]X?ndently, and are made to servo 
as ailerons to control the lateral balance, and also 
as the elevator. 

The Cromloy monojilane, another American raa- 
cliine, is modelled after the Santos-Dumont Dcmoi- 
lidlc. It has a main j)linie divided into two wings, 
each feet by feet ^» inclios, with a gap of 2 feet 
between at the lH)dy; the total area being 117 square 
feet. At the rear of the outer ends are hinged 
ailerons, like those of the Farman biplane, to control 
the lateral balance. The tail is 12 feet in the rear, 
and is of tlie '* box " type, with two horizontal sur- 
faces and two vertical surfaces. This is mounted 
with a universal joint, so that it can be moved in 
any desired direction. The complete structure, with- 
out the motor, weighs but GO pounds. 

The Chauviere monoplane is distinct in having a 
rigid spar for the front of the plane, but no ribs. 



I 
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The enrfape is allowed to spread out. as a sail and 
take f'lrin from t!ie wind passing licneath. The roar 
edges iiuiy U< pnllfd dnwn at will lo oontrol the lat- 





ere] balance. It Is driven by twin screws set far back 
on Uic iKidv, nearly to the tail. 

The aniallest and lightest, monoplane in practical 
use is that of M. Itaonl Venclome. It is but 16 feet 
in spread, and is Ifi feet fore and aft. It ia equipped 
with a I'-i Iiorso-|x)wer motor, and flies at a speed of 
nearly 60 miles per hour. Without the pilot, its 
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entire weight is but 180 pounds. The wings are 
pivoted so that their whole structure may be tilted 
to secure lateral balance. 

The new Moisant monoplane is built wholly of 
metal. The structure throughout is of steel, and the 
surfaces of sheet aluminum in a succession of small 
arches from the centre to the tips. No authentic re- 
ports of its performances are available. 

In the Tatin monoplane, also called the Bayard- 
Clement, the main plane is oval in outline, and the 
tail a smaller oval. The surfaces are curved upward 
toward the tips for nearly half their length in both 
the main plane and the tail. The propeller is 8^ feet 
in diameter, and is turned by a Clerget motor, which 
can be made to develop 00 horse-power for starting 
the machine into the air, and then cut down to 30 
horse-power to maintain the flight. 



Chapter VII. 

FLVINQ HACHINES: OTHER FORHS. 

The triplaue — Tlie riuaciniplane— Tlip multiplan* — Ilelicoptere 
—Their prinfipla — Obstacleti 1o be ovpri'omt— The CornB 
helicopter — ^Tlie l-eger lielioopter— The Davidson gyn>it- 
ter^-Tbe Bregiipt gyroprane — The rJe la Hault ornitliopter 
—The Bell tetrahalrons— Tlie Russ flyer. 

WHILE the efforts of inventors have been 
principally along tlie lines of the siieeeasfnl 
monoplanes Hnd biplanes, genius and energy ha^-e 
also been active in other rlireetions. Some of these 
other desigiis are not mncb more than variations 
from prevailing t^'pes, liowevcr. 

Among these is the English Roe tnplane, whieh is 
bnt a biplane with an extra plane added ; the depths 
of all lieing reduced to give approximately the same 
surface as the biplane of the same carrying power. 
The tail is also of the triplane tyjie, and has a com- 
bined area of 160 square feet — just half that of the 
main planes. The triplane type has long been famil- 
iar to .^mcrieans in the three-decker glider used ex- 
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tpiisivply liv Oetave Chaniite in his long aeries of i 
exjieriiiiPiita at Cliicago. 

Tlie qiiadnijilanp of Colonel Baderi'Pnwcll, also 




an Eiigtisli type, is practicully tlip liiplaiit' with im- 
iiaiially lariie forward nnd tail planes. 

The inidtiplanp of Sir Hiram Maxim alioidd also 
be reirieiidjered, alrlimiph he never jxTniitted it to 
have free flight. His new innlliplanc, modelled after 
the former one, hut equipped with an improved gaao- 
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line motor instead of tlie heavy sleaiu-engine of the 
first model, will doiiblieas be put to n practical test 
when experiments with it are completed. 

Quite npart from these variants of tho acroplai 




are ihc holicoplers, ftriiitliopters, gyroplers, gyro- 
planes, and tetrahfdral machines. 



llEl.ICnPTEKS. 

The result aimed at in the Iielicoptep is the ability 
to rist' vertically from the starting point, instead of 



144 



FLYING MACHINES: OTHER FORMS. 



first running along the ground for from 100 to 300 
feet before sufficient speed to rise is attained, as the 
aeroplanes do. The device, employed to accomplish 
this result is a propeller, or propellers, revolving hor- 
izontally above the machine. After the desired alti- 
tude is gained it is proposed to travel in any direc- 
tion by changing the plane in which the propellers 
revolve to one having a small angle with the horizon. 



Horizontal Path 



-< — m^ 



_ — -"-'AnSl^ 



1 inT. 
__ - — M 'oefecent 




Sf G^' 




The force Decessary to keep the aeroplanr> moving in itn horizontal path is the 
same as that required to move the automobile of equal weight up the same 
gradient — much less than its total weight. 



The great difficulty encountered witli this type of 
machine is that the propellers must lift the entire 
weight. In the case of tlic aeroplane, the power of 
the engine is used to slide the jilane up an incline of 
air, and for this much less power is required. Por 
instance, the weight of a Curtiss biplane with the 
pilot on board is about 700 pounds, and this weight 
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I easily slid up an inclined plane of air with a 
propeller tbnist of about 240 pounds. 

Another ditRcuIty is that tlic helicopter screws, in 
running at the start before they can attain speed suf- 
ficient to lift their load, liave established downward 
currents of air willi great velocity, in which the 
screws must run with much less efficiency. With 
the aeroplanes, on the cont'rarj-, their running gear 
enables theni to run forward on the ground almost 
with the first revolution of the propeller, and as they 
increase their s].)eed the cnrrents^technically called 
the " slip " — become less and less as the engine speed 
increases. 

In the Cornn helicopter, which perhaps has come 
nearer to successful flight than any other, these 

, downward currents are cliecked by interposing 
planes below, set at an angle determined by the op- 

I erator. The glancing of the currents of air from the 
planes is expected to drive the helicopter horizontally 
through the air. At the same time these planra offer 
a large degree of resistance, and the engine power 
must be still further increased to overcome this, 
while preserving the lift of the entire weight. With 
an 8-cylinder Antoinette motor, said to be but 24 

I horee-power, turning two 30-foot propellers, the ma- 
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chine is rcportcMl as lifting itself and two persona 
— a total weight of 723 ix>iinds — to a height of 5 
ieety and sustaining ib^?lf for 1 minute. Upon the 
interi)osing of the planes to j)roduce the horizontal 
motion the machine came immediately to the ground. 
This |)erformance must necessarily be compared 
with that of the aeroplanes, as, for instance, the 




Diagram phowinK principlo of tho Cornu ln'li<»(ipt4'r. P. P, pmpoIIinR planes. 
The urn>w rthnwH <lin'rti»in of travi-l with planoH at anglo Hhown. 

Wright machine, which, with a ^T) to l\0 horse-])Ower 
motor operating two S-foot proju'lh^s, raises a WH'ight 
of 1,050 pounds and propi^ls it at a speed of 40 miles 
an hour for upward of i^ hours. 

Another form of helico])t(T is the Le«rer nuichine, 
so named after its Frencli inventor. Tt has two pro- 
pellers which revolve^ on the same vertical axis, the 
shaft of one l^eing tubular, eucasiuir that of the other. 
By suitable gearing this vertical shaft may l)e in- 
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clined after the machine is iu the air in the direction J 
in which it is desired to travel. 

Tlie gyropter differs from the Cornu type of helUJ 
copter in degree rather than in kind. In the Scotd 
macliine, known as the Davidson gyropter, the j 
pellcrs have tiie form of immense iimhrcllaa made uh 
of curving slata. The frame of the structure has tbe 1 
shape of a T, one of the p^-ropters iteing attached to J 
eacli of the arms of the T. The axes njion which the 1 
gyroptera revolve may l>e inclined so that their power I 
may be exerted to draw the apparatus along in a hor- 1 
izonlal liirection after it has been raised to the de-J 
sired altitude. 

The gyropters of the Davidson machine are 28-1 
feet in diameter, the entire striictiire being 67 feet j 
long, and weighing 3 tons. It has been calculated^ 
that with the proposed pair of 50 horse-power engines I 
the gyropters will lift 5 tons. Upon a trial with i 
10 horse-power motor connected to one of the gyrop- 
ters, that end of the apparatus was lifted from t 
ground at 55 revolutions per minute — the boiler.'-l 
pressure being 800 lbs. to the square inch, at whidll 
pressure it burst, wrecking the machine. 

An example of the gyroplane is the French Breguet 1 
apparatus, a hlend of the aeroplane and the helicoprJ 
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ter. It combmes tho fixed wing-planes of the one 
with the revolving vanes of tlie other. The revolving 
surfaces have an area of 82 square feet, and the fixed 
surfaces 376 square feet. The total weight of ma- 
chine and operator is about 1,350 lbs, Pitted with 
a 40 horse-power motor, it rose freely into the air. 

The omithopter, or ■fiapping-wing type of flying 
maebine, though the object of exiierinient and re- 
search for years, nniat atill be regarded as unsuccess- 
ful. TliD apparatus of M. de la Ilault may be taken 
as typical of the best effort in that line, and it is yet 
in the experimental stage. The throbbing l>eat of the 
mechanism, in imitation of the bird's wings, has 
always proved disastrous to the structure liefore suf- 
ficient power was developed to lift the apparatus. 

The most prominent exponent of the letrahedral 
type^that made up of numbers of small cell? set 
one upon another — is the Cygnel of Dr. Alexander 
Qraham Bell, which perhaps is more a kite than a 
tnie fiying machine. The first Cygnet had 3,000 
cells, and lifted its pilot to a height of 176 feet. The 
Cygnet II. has 5,000 tetrahedral cells, and is pro- 
pelled by a TiO horse-power motor. It has yet to 
make its record. 

One of the moat recently devised machines is that 
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known as the Fritz Russ flyer. It has two wings, 
each in the form of half a cylinder, the convex curve 
upward. It is driven by two innnense helical screws, 
or spirals, set within the semi-cylinders. No details 
of its performances are obtainable. 



Chapter VIII. 

FLYINQ MACHINES: HOW TO OPERATR" 

lUBtinctive imlBocp— \\'lien tbe motor fife iiw— Progressive experi- 
ence — I'luix iHlsnd School methodR — LilieQtlial'B couclu- 
eiona — The Curtiss mpchaoisra anJ controta — Speed records 
— CnwB-couiitry Hying — Landing — EiwentiB] quBlit^cationa 
— Ground praeUce — Future relief. 

ANY one who has learned to ride a bicycle will 
L recall the great difficulty at first experienced 
to preserve eqiiilibriiim. But once the knack waa 
gained, how simple the matter seemed ! Balancing 
became a second nature, which came into play in- 
stinctively, without conscious thonght or effort. On 
smooth roads it was not even necessary to grasp tlie 
handle-bars. Tlie swaying of the body was sufficient 
to guide the machine in the desired direction. 

Much of this experience ia paralleled by that of 
the would-be aviator. First, he must acquire the art 
of balanciug himself and his machine in the air 
without conscious effort. Unfortunately, this is even 
harder than in the case of the bicycle. The cases 
16t 
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would be more nearly alike if the road beneath and ' 
ahead of the bicyeliBt were lieaving and falling as in 
an earthquake, with no light to guide him; for the 
air currents on which the aviator must ride are in 
constant and irregular motion, and are as wholly in- 
TiBible to him aa would be the road at night to the 
rider of the wheel. , 

And there are other things to distract the atten- 
tion of the pilot of an aeroplane — ^notably the roar 
of tho propeller, and the rush of wind in his face, 
eomparablo oiJy to the ceaseless and breath-taking 
force of the hurricane. 

The well-known aviator, Charles K. Hamilton^ J 
says: — "So far as the air currents are conoemed, 
I rely entirely on instinctive action; but my ear ia 
always on the alert. The danger signal of the avia- 
tor is when he hears hia motor miaa an explosion; 
Then he knows that trouble is in store. Sometimes 
he can speed up hia engine, just as an automobile ' 
driver does, and get it to renew its normal action. 
But if he fails in this, and ttie motor stops, he must 
dip his deflecting planes, and try to negotiate a land- 
ing in open country. Sometimes there is no prelim- 
inary warning from the motor that it is going to 
cease working. That is the time when the aviator 
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must be prepared to act quickly. Uuleas the de- 
flecting planes are manipulated instantly, aviator 
and aeroplane will rapidly land a tangled mass on 
the ground." 

At tlio same linn;, ilr. !l;\iiiill"ii ^;iv-; " hrlvi 




KH aeroplane at a speed of 120 miles an hour is not 
nearly so difficult a task as driving an automobile 
60 milea an hour. In running an automobile at high 
speed the driver must be on the job every second. 
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Nothing but untiring vigilance can protect him from 
danger. There are turns in the road, bad stretches 
of pavement, and other like difficulties, and he can 
never tell at what moment he is to encounter some 
vehicle, j)erhaps travelling in the opposite direction. 
But with an aerophme it is a different proposition. 
Once a uuui becomes accustomed to aeroplaning, it 
is a matter of unconscious attention. . . . He has 
no obstacles to encounter except cross-currents of air. 
Air and wind are much quicker than a man can 
think and jmt Iiis thought into action. Unless ex- 
perience has tau^lit tlie aviator to maintain his equi- 
librium instinctively, he is sure to come to grief." 

The Wri^rlit brntlicrs spent years in learning the 
art of baljniciii*r in the air before they a]>peared in 
public* iis avialnrs. And their method of teaching 
pu])ils is evidence tbnt tliey believe the only road to 
successful nviati<»n is through progressive experi- 
ence, leading up i*n»ni the use of gliders for short 
flights to the act nil I machines with mot<»rs only after 
one has becnme an instinctive e(|nilibrist. 

At the IMnm Island sclmol of the Herring-Bur- 
gess (V)mi)any the learner is comix'lled to b(»gin at 
the beginning and work the thing out for himself. 
He is placed in a glider which rests on the ground. 



FLYING MACHINES: HOW TO OPERATE. 

The glider is lot-ked down by a catch wbicli may 
released by pulHug a string. To the front end of i 
glider is attached a long clastic which may be 
atrclched more or less, according to the pull desired. 





The beginner starts with tlie elastic stretched but a 
little. When all is ready he pulls the catch free, and 
IB thrown forward for a few feet. As practice gains 
for him better control, he makes a longer flight; and 
when he can show a perfect mastery of his craft for 
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a flight of 300 feet, and not till tlieu, he is permitted | 
to hegin practice with a motor-driven machine. 

The lamented Otto Lilienthal, whose experience I 
in more than 2,000 flights gives his instructions , 
nnqiiestionable weight, urges that the " gradual devel- 
opment of flight shonld begin with the simplest ap- 
paratus and movements, and without the eomplic 
tion of dynamic means. With simple wing surfaces 
. . . man can carry iiit limited flights ... by ' 
gliding through the air from elevated points in paths i 
more or less descending. The [leculiarities of wind 
effects can best he learned by such exercises. . , 
The maintenance of equilibrium in forward flig 
is a matter of practice, and can be learned only by < 
repeated personal experiment. . . . Actual practice i 
in individual flight presents the best prospects for 1 
developing our capacity until it leads to perfected 4 
free flight." 

The essential importance of thorough preparation 
in the school of experience could scarcely be made 
plainer or stronger. If it seems that undue empha- 
sis has been laid upon this point, the explanation 
must be found in the deplorable death record among 
aviators from accidents m the air. "With few excep- 
tions, the cause of accident has been reported as, 
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" The aviator seemed to lose control of his [uacliinc." 
If this ia the case with professional flyers, the need 
for thorough preliminary training cannot be too 
strongly insisted upon. 

Having attained the art of balancing, the aviator 
has to learn the mechanism by which he may control 
his machine. While all of the principal machines 
are but different embodiments of the same principles, 
there Is a diversity of design in the arrangement of 
the means of control. Wo shall describe that of the 
Curtiss biplane, as largely typical of them all. 

In general, the biplane coUBiets of two large sns- 
taining planes, one above the other. Between the 
planes is the motor which operates a propeller lo- 
cated in the rear of the planes. Projecting behind 
the planes, and held by a framework of bamboo rods, 
is a small horizontal plane, called the tail. The rud- 
der which guides the aeroplane to the right or the 
left ia partially bisected hy the tail. This rudder 
is worked by wires which run to a steering wheel lo- 
cated in front of the pilot's seat. This wheel is sim- 
ilar in size and appearance to the steering wheel of 
ao automobile, and is used in the same way for 
guiding the aeroplane to the right or left. (See il- 
lustration of the Curtisa machine in Chapter V.) 
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In front of the i)lanos, su])porte(l on a shorter pro- 
jecting framework, is the altitude rudder, a pair 
of planes Iiinjred horizontally, so that their front 
edges may tip up or down. When they tilt up, the 
air through which the machine is passing catches on 
the under sides and lifts them up, thus .elevating 
the front of the whole aerojilane and causing it 
to glide upward. The oj)posite action takes place 
when these altitude planes are tilted downward. 
This altitude ruddiT is controlled by a long rod 
which runs to the stiver ing whecO. Ry ])ushing on the 
wheel the rod is shoved forward and turns the al- 
titude j)lnues u])war(l. Pulliuir the wheel turns the 
rudder planes downward. This rod has a back- 
ward and forward thrust of over two feet, but the 
usual movement in ordinarv Avin<l currents is rarelv 
more than an inch. In cliuibiutr to high levels or 
swooping down rapidly \ho extreme ]day of the rod 
is about four or live inches. 

Thus the steering wheel controls both the horizon- 
tal and vertical mov(»meuts of the aero])lane. More 
than this, it is a feeler to the aviator, warning him 
of the condition of the air currents, and for this rea- 
son must not be gi*as])ed too firmly. It is to be held 
steady, yet loosely enough to transmit any wavering 
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force in the air to the sensitive touch of the pilot) 
enabling hiin instinctively to rise or dip as the cur- 
rent compels. 

The preserving of an even keel is accomplished 
in the Curtiss machine by small planes hinged be- 
tween the main planes at the outer ends. They 
serve to prevent the machine from tipping over side- 
ways. They are operated by arms, projecting from 
the back of tlie aviator's scat, which embrace his 
shoulders on each side, and are moved by the sway- 
ing of his body. In a measure, they are automatic 
in action, for w-hen the aeroplane sags downward 
on one side, the pilot naturally leans the other way 
to presence his balance, and tliat motion swings the 

ailerons (as these small stabilizing planes are called) 

• 

in such a Avay that the proi^sure of the wind restores 
the aeroplane to an even kool. The Avires w^iich con- 
nect them with the back of the seat are so arranged 
that when one aileron is being pulled down at its 
rear edge the rear of the other one is being raised, 
thus doubling the effect. As the machine is righted 
the aviator comes back to an upright position, and 
the ailerons become level once more. 

There are other controls which the pilot must 
operate consciously. In the Curtiss machine these 
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are levers moved by the feet. With a pressure of the 
right foot he short-circuits the magneto, thus cutting 
off the spark in the engine cylinders and stopping 
the motor. This lever also puts a brake on the for- 
ward landing wheels, and checks the speed of the 
machine as it touches the ground. The right foot 
also controls the ptimp which forces the lubricating 
oil faster or slower to the points where it is needed. 

The left foot operates the lever which controls the 
throttle by which the aviator can regulate the flow 
of gas to the engine cylinders. The average speed 
of the 7-foot proj)cller is 1,100 revolutions per min- 
ute. With tlie throttle it iiiav be cut down to 100 
revolutions j^cr minute, which is not fast enough to 
keep afloat, but will help along when gliding. 

Obviously, travelling with the wind enables the 
aviator to make his best speed records, for the speed 
of the wind is added to that of his machine through 
the air. Again, since the wind is always slower near 
the ground, the aviator making a speed record will 
climb up to a level where the surface currents no 
longer affect his machine. But over hilly and wood- 
ed country the air is often flowing or rushing in con- 
flicting channels, and the aviator does not know what 
he may be called upon to face from one moment to 
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the next. If the aeroplane starts to (lroj>, it is onl;y 
neccBsary to push the sfeeriug wIiet-1 foi-ward a lit- 
tle — perhaps half nn inch — to bring it up again, 
Usiiflliy, the mnchini? will drop on an even keel. 
Then, in adi-iition lo tht' niolion just deapril>ed, the 
avint'ir will Ic-an toward the higher side, thus mm-- 
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ing the nilcrima by the seat-back, and at the same 
time he will tnni tlie steering wheel toward the low- 
er side. This movement of the seat-baek is rarely 
more than 2 inches. 

In flying aomss country a sharp lookout is kept 
on the land below. If it he of a character unfit for 
lunding. as woods, or thickly settleil towns, the avia- 
tor must keep high up in the air, lest his engine 
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stop and he be conipellcd to glide to the earth, Afl 
uiacliine will glide forward 3 fw^t for each foot thaM 
it drops, if skilfully hnndied. If he is up 200 feet,! 
he will have to find a landing ground within QOOJ 
feet If he is up 500 feet, he may choose his alighfr"! 
ing ground any^vhere within 1.500 foet. Over a ci^l 
like New Vork, a less altitude than 1,500 feet wouldl 
hardly be safe, if a glide became necessary. 

Mr. (Clifford li. Harmon, who was an aeronauH 
of distinction l)efore he became an aviator, nnder thM 
instruction of Paulhan, has this to say: " It is likttfl 
riding a bicycle, or running an automobile. You^l 
have to try it alone to really learn how. When one! 
first handles a flying machine it is advisable to keep ^ 
on the ground, just rolling along. This 13 a harder 1 
mental trial than you will imagine. As soon as one ] 
is seated in a flying machine he wishes to fly. It ia \ 
almost impossible to submit to staying near the earth. ' 
But tmtil the manipulation of the levers and theJ 
steering gear has become second nature, thia must be 1 
done. It is best to go very slow in the beginning. 
Skipping along the ground will teach a driver much. 
When one first gets up in the air it is necessa 
keep far from all obstaijes, like buildings, trees, or ] 
crowds. There is the same tendency to rim inUk J 
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them that an amateur bicycle rider has in regard 
to stones and nits on the ground. When he keeps 
his eye on them and tries with all his might to steer 
clear of them, he nms right into them." 

Wh(»u asked what he regarded the fundamental 
requirements in an aviator, Mr. Harmon said: 
** First, he must ho. muscularly strong, so that ho 
will not tire. Swond, lie should have a thorough 
understanding of the mechanism of the machine he 
drives. Third, mental poise — the ability to think 
qniek and to act instantly upon your thought. 
Fourth, II feeling of confidence in the air, so that 
he will not feel strange or out of place. This fa- 
mil iaritv with the air can be best obtained bv first 
being a passenger in a balloon, then by controlling 
one alone, and lastly going \\\) in a Hying machine." 

ilr. Clande Grahame- White, the noted English 
aviatcr, lias this to sny of bis first experience with 
his big '* Xo. XT!.'' Bleriot uicmoplane — which dif- 
fers in many important features from the '* Xo. 
XI.'' machine in which M. Bleriot crossed the Eng- 
lish Channel: ** After several disappointments, I 
eventuallv obtained the deliverv of niv machine in 

working order Vs T bad gathered a good deal 

of information from watching the antics and profit- 
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ing by llie errors made by other begimiers on Bleriot 
monoplanes, I bad a good idea of what not to do 
when tlie engine was started np and we were ready 
for our first triaL ... It was a eold morning, but 




the engine started up at the first quarter turn. After 
many warnings from M. Bleriot's foreman not on 
any tiwouut to aceelcralc my engine too much, I 
mounted the machine along with my friend as paa- 
aenger, and lumiediately gave the word to let go, and 
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we were soon speeding along tlie ground at k good | 
sixty kilometera (about 37 miles) per hour. . 
Being very anxioua to see whether the machine would 
lift off the ground, I gave a slight jerk to the elevat- 
ing plane, and soon felt tlie machine rise into the 
air; but remembering the warnings of the foreman, 
and being anxious not to risk breaking Ihe machine, 
I closed the throttle and contented myself with run- 
ning around on the ground to familiarize myself with 
the handling of the machine. . . . The next day we J 
got down to Issy about five o'clock in the morning, 
Bome two hours before the Bleriot mechanics turned 
up. However, we got the machine out, and tied it 
to some railings, and then I had my first experience 
of starting an engine, which to a novice at first sight 
appears a most hazardous imdcrtaking; for unless 
the machine is either firmly held by several men, or 
is strongly tied up, it has a tendency to immediately 
leap forward. We successfully started the engine, 
and then rigged up a leash, and when we had 
mounted the machine, we let go; and before eight 
o'clock we had accomplished several very successful 
flights, both with and against the wind. These ex- 
periences we continued throughout the day, and by 
1 extended Bight, 



lightfall 1 



t quite capable 




any more at Tbsv, aa hp said the ground was far too 
small for eucb a powerful machine." 
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The caution shown by these experienced aviatonJ 
cannot be too closely follnwetl by a novice. These \ 
men do not eay that their aasiciiiom practice on the I 




plnnci. The wbeeli 

lnr III high »pr«l. The pen- i 









p-oimd was tlie fruit of timidity. On thn contrary, 
although tlicy are long past the preliminary stages, 
their advice to bcginuera is nnifovmly in the line of 
caution and thorough practice. 
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Even after one has become an expert, the battle 

IB not won, by any means. While flying in calm 
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weather is extremely pleagiirable, a protracted flight 
ia very fatiguing; and when it is necessary to wrestle 
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with giiats of liigli wind am] ticklt) air ciirreiits, the 
strain upon the sirongt'st iieire is a serious sonree 
of danger in tliat the aviator is liable to be suddenly 
overcome by weariness when he nii>st needs to be 
on the alert. 

Engine troubles are much fewer than they used 
to be, and a more dependable form of motor relieves 
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liud of the aviator from such mental diaturb- 



the 1 

ance. Some device in the line of a wind-shield 

would be a real boon, for even in the best weather 

there ia the ceaseless rush of air into one's face at 

45 to 50 miles an hour. The endurance of this for 

hours is of it self a tax upon the most vigorous 

physique. 
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With tliG passing of the jtrcsent epccfucular stage 
of the art of flying there ivill doubtless troiue a more 
reliable form of machine, with corresponding relief 




to the opt-ralor. Automatic inochanism will fiiiji- 
plant the intetiBe and continual menial attention nnw 
demanded; and as this demand deerpases, the joys of 
flying will be considerably eiilianced. 



Chapter IX. 
FLYING MACHINES: HOW TO BUILD. 

Santos-Dumont*s gift — La Demoiselle — Mechanical skill re- 
quired — Preparatory practice — General dimensions — ^The 
frame — The motor — ^The main planes — ^The rudder-tail — 
The propeller — Shaping the blades — Maxim*s experience — 
The running gear — ^The controls — Scrupulous workman- 
ship. 

WHEI^ Santos-Duinont in 1909 gave to the 
world the unrestricted privilege of building 
monoplanes after the plans of his famous No. 20 — 
afterward named La Demoiselle — he gave not only 
the best he knew, but as much as any one knows 
about the building of flying machines. Santos- 
Dumont has chosen the monoplane for himself be- 
cause his long experience commends it above others, 
and La Demoiselle was the crowning achievement 
of years spent in the construction and operation of 
airships of all types. In view of Santos-Dumont's 
notable successes in his chosen field of activity, no 

one will go astray in following his advice. 
174 
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Of course, the possession of plans and specifica- 
tions for an aeroplane does not make any man a 
skilled itieclianic. It ia well to understand at the 
start that a certain degree of mechaiilnal ability is 
required in building a machine which will be entirely 
safe. Nor does tlie possession of a successful machine 
make one an aeronaut. As in the case of bicycling, 
there is no substitute for actual experienee, while in 
the airship the art of balancing is of even greater 
importance than on the bicycle. 

The would-be aviator is therefore advised to put 
himself through a course of training of mind and 
body. 

Intelligent experimenting with some one of the 
modeb described in Chapter XI. will teach much of 
the action of aeroplanes in calms and when winds are 
blowing; and practice with an easily constructed 
glider (see Chapter XII.) will give experience in 
balancing which will be of the greatest value when 
one launciies into the air for the first time with a 
power-driven machine. An expert acijuaiutance with 
gasoline motors and magnetos is a prime necessity. 
In short, every bit of information on the subject of 
flying machines and their operation cnuuut fail to be 
useful in some degree. 
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Tlic diiiiensidiis of tlip VHrioiis purts of the San- 
tofl-Diimont monoplnne are given on Ihe original 
plans according to the metric syBtem. In reducing 
these to " long measure " inches, all measurements 
have been given to the nearest eighth of an inch. 

In general, we may note some of the peculiari- 
ties of La Demoiselle. The spread of the plane ia 
18 feet from tip to tip, and it 19 20 feet, over all 
from bow to stem. In height, it is about 4 feet 2 
iuehes when the pro[x*ller blades are in a horizontal 
position. The total weight of the machine is 265 
lbs., of which the engine weighs about 66 lbs. The 
area of the plane ia 115 square feet, so that the to- 
tal weight supported by each square foot with San- 
toa-Dumont (weighing 110 lbs.) on board is a trifle 
over 3 lbs. 

The frame of the body of the monoplane is largely. 
of bamboo, the three main poles being 2 inches in 
diameter at the front, and tapering to about 1 inch 
at the rear. They are jointed with brass sockets 
just back of the plane, for convenience of taking 
apart for transportation. Two of theae poles extend 
from the axle of the wheels backward and slightly 
upward to the rudder— post. The third extends from 
the middle of the plane between the wings, back- 
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ward and downward to the rudder-post In croea- 
section the three form a triangle with the apex at 
the top. These bamboo poles are braced about every 
2 feet with struts of steel tubing of oval section^ 
and the panels so formed are tied by diagonals of 
piano wire fitted with turn-buckles to draw them 
taut. 

In the Santos-Dumont machine a 2-cylinder, 
opposed Darracq motor of 30 horse-power was used. 
It is of the water-cooled type, the cooling radiator 
being a gridiron of very thin ^-inch copper tubing, 
and hung up on the under side of the plane on either 
side of the engine. The cylinders have a bore of 
about 4^ inches, and a stroke of about 4f inches. 
The propeller is 2-bladed, OJ feet across, and is 
run at 1,400 revolutions per minute, at which speed 
it exerts a pull of 242 lbs. 

Each wing of the main plane is built upon 2 
transverse spars extending outward from the upper 
bamboo pole, starting at a slight angle upward and 
bending downward nearly to the horizontal as they 
approach tlic outer extremities. These spars are of 
ash, 2 inches wide, and tapering in thickness from 
1^ inches at the central bamboo to about | inch at 
the tips of the wings. Tliey are bent into shape by 
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immersion in hot water, and straining them around 
blocks nailed to the floor of the workshop, in the 
form shown at QQ, p. 177. 

The front spar is set about 9 inches back from the 
front edge of the phme, and the rear one about 12 
inches forward of the back edge of the plane. Across 
these sjiars, and l>eneath them, running fore and aft, 
are bamboo rods about f of an inch in diameter 
at the forward end, and tapering toward the rear. 
Thoy are set 8^ inches apart (centre to centre), ex- 
cept at the ti])s of tlie wings. Th(» two outer panels 
are 10| inches from c(Mitre to centre of the rods, to 
give greater elasticity in warping. These fore-and- 
aft rods arc <> feet 5 inches long, except directly 
back of the pro])eller, wh(Te tliey are 5 feet 8 inches 
long; they an* bound to the s])ars with brass wire 
Xo. 25, at the intersections. Thev also are bent to 
a curved form, as shown in the plana, by the aid of 
the hot-water bath. Diagonal guys of piano wire are 
used to truss the frame in two panels in each wing. 

Around the outer free ends of the rods runs a 
piano wire Xo. 20, which is let into the tips of the 
rods in a slot § inch deep. To prevent the splitting 
of the bamboo, a turn or two of the brass wire may 
be made around the rod just back of the slot; but 
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it is much better to provide thin brass caps for the 
ends of the rods, and to cut the slots in the metal 
as well as in the rods. Instead of caps, ferrules will 
do. When the slots are cut, let the tongue formed 
in the cutting be bent down across the bamboo to 
form the floor to the slot, upon which the piano wire 
may rest The difference in weight and cost is very 
little, and the damage that mav result from a split 
rod may be serious. 

After the frame of the plane is completed it is 
to be covered with cloth on both sides, so as entirely 
to enclose the frame, except only the tips of the rods, 
as shown in the plans. In the Santos-Dumont mono- 
plane the cloth used is of closely woven silk, but a 
strong, unbleached niuslin will do — the kind made 
especially for aeroplanes is l)est. 

Both upper and lower surfaces must be stretched 

m 

taut, the edges front and back l)eing turned over the 
piano wire, and the wire heuimcd in. The upper 
and lower surfaces are then sewed together — 
" through and through," as a seamstress would say — 
along both sides of each rod, so that the rods are 
practically in " pockets." Nothing must be slighted, 
if safety in flying is to be assured. 

The tail of the monoplane is a rigid combination 




Sectional diagram of 2-K;ylinder Darracq opposed motor. 
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Diagram of 4-cyIiDder Darracq opposed motor. 




Diagram of 3-cyIinder Ansani motor. 
Motors suitable for La DemoittUt monoplane. 
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of two planes intersecting each other at right angles 
along a central bamboo pole which extends back 3 
feet 5^ inches from the rudder-post, to which it is 
attached by a double joint, permitting it to move 
upon either the vertical or the horizontal axis. 

Although this tail, or rudder, may seem at first 
glance somewhat complicated in the plans, it will not 
be found so if the frame of the upright or vertical 
plane be first constructed, and that of the level or 
horizontal plane afterward built fast to it at right 
angles. 

As with the main plane, the tail is to be covered 
on both sides with cloth, the vertical part first; the 
horizontal halves on either side so covered that the 
cloth of the latter mav be sewed above and below 
the central pole. All of tlie ribs in the tail are to bo 
stitched in with " pockets," as directed for the rods 
of the main plane. 

The construction of the motor is possible to an 
expert machinist only, and the aeroplane builder will 
save time and money by bnyiug his engine from a 
reliable maker. It is not necessarv to send to 
France for a Darracq motor. Any good gasoline 
engine of equal power, and about the same weight, 
will serve the purpose. 
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The luaking of tLe propeller is practicable for a 
careful workman. The illustratione will give a bet- 
ter idea than words of how it should be done. It 
should be remembered, however, that the safety of 
tile aviator depends as much upon tlie propeller as 
upon any other part of the machine. Tlie splitting 
of the bIndcH when in motion has Leon tlie cause uf 




Berioua aceideuta. The utmost care, therefore, should 
be exercised in the selection of the wood, and in the 
glueing of the several sections into one solid mass, 
allowing the work to dry thoroughly under heavy 
pressure. 

The forming of the blades requires a good deal of 
skill, and some careful preliminary study. It is ap- 
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parent that tlie 8i«3eil of a point at the tip of a i 

volving blade is nnich greater than that of a poin 

near the hub, for it traverses a larger eirele in t 

same period of time. But if the propeller is to do* 

effective work without unequal strain, the twist in the 

blade must be such that each point in the length of 

the blade is exerting an equal pull on the air. 

is necessary, therefore, that the slower-moving pat( 

of the blade, near the hub, or axis, shall cut "d 

into the air than the more swiftly moving tip of! 

the blade. Cousequeully the blade becomes ( 

ually " flatter " (approaching the plane in wbicli iHSm 

revolves) as we work from the hub outward towardj 

the tip. This "flattening" is well shown 

nearly finished blade clamped to the bench at tlieS 

right of the illustration — which shows a four-bladi 

propeller, instead of the two-bladed type QEfeded fxa\ 

the monoplane. 

The propeller used for propulsion in air diffeitlfl 
from the proiieller-wheel used for ships in watei^lB 
in that the blades are cun'od laterally; the forwardij 
face of the blade being convex, and the rearward'i 
face concave. The object of this shaping is the sama-i 
as for curving the surface of the plane — to secure 1 
emoother entry into the air forward, and a compre»* J 
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sion in the rear which ^dds to the holding power on 
the substance of the air. It is extremely difficult to 
describe this complex shape, and the amateur builder 
of a pro])eller will do well to inspect one made by a 
professional, or to buy it ready made with his engine. 

The following quotation from Sir Hiram Maxim's 
account of his most effective propeller may aid the 
ambitious aeroplane builder: " My large screws were 
made with a great degree of accuracy ; they were per- 
fectly smooth and evei. on both sides, the blades being 
thin and held in position by a strip of rigid wood 
on the back of the blade. . . . Like the small screws, 
they were made of the verv best kind of seasoned 
American white ]iine, and when finished were var- 
nished on both sides with hot irhio. When this was 
thoroughly dry, tliey were san(l-])apered again, and 
made perfectly smooth and even. The blades were 
then covered with strong Irish linen fabric of the 
smoothest and best make. Glue was used for attach- 
ing the fabric, and when dry another coat of glue 
was applied, the surfae(^ nibbed down again, and 
then painted with zinc white in the ordinary way and 
varnished. These screws worked exceedingly well." 

The covering of the blades with linen glued fast 
commends itself to the careful workman as afford- 
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ing prepaiilioQ against tbe splintering. of the blades 
wlieu ill rapid motion. Somfi propollcrs have their 
wooden blades eucaaeil with thin slipet ahiiii 
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awnniplif^h tlie same purpose, but fi.r Ihf amateur 
builder linen ia far easier to apply. 

Tbe wlicfls are of the bieycle type, with wire 
spokes, hut witli hubs six inches long. The axle is 
bent to incline upward at fhe ends, so that the wheels 
incline outward at the ground, the better to taka 
tile sljock of a sideways thrust when landing. The' 
usual metal or wood rims may be used, but special ' 
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tires of exceptionally ligbt construction, made for 
aeroplanes, should bo purchased. 

The controlling wires or cords for moving the rud- 
der (or tail) and for warping the tips of the wings 
are of flexible wire cable, such as is made for use 
as steering rope on small boats. The cable controll- 
ing the horizontal plane of the rudder-tail is fastened 
to a lever at the right hand of the operator. The 
cable governing the vertical plane of the rudder-tail 
is attached to a wheel at the left hand of the op- 
erator. The cables which warp tlie tips of the wings 
are fastened to a lever wliich projects upward just 
back of the o])erator's scat, and which is slipped 
into a long j)ocket sowed to the back of his coat, so 
that the swaying of his body in res])onsc to tlie fling 
of the tipping machine tends to restore it to an even 
keel. Springs arc attached to all of these controlling 
wires, strong enough to bring them back to a normal 
position when the o^x^rator removes his hands from 
the steering apparatus. 

The brass sockets used in connecting the tubular 
struts to the main bamboos and the rudder-post, and 
in fastening the axle of the wheels to the lower bam- 
boos and elsewhere, should be thoroughly made and 
brazed by a good mechanic, for no one should risk 
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the chance of a faulty joint at a critical spot, wh^i 
an accident may mean the loss of life. 

For the rest, it has seemed better to put the details 
of construction on the plans themselves, where they 
will be available to the aeroplane builder without the 
trouble of continually consulting the text. 

Some of the work on an aeroplane will be found 
simple and easy; some of it, difficult and requiring 
much patience; and some impracticable to any one 
but a trained mechanic. But in all of it, the work- 
er's motto should be, " Fidelity in every detail.'* 



Chapter X. 

FLYING HACHINES: HOTORS. 

Early one of Mteam—n^liability on^sBsry — The (nixdilne motor 
— C'arburelioD — (.'omprrasioD — IiniilioQ — Air-cooling— Wa- 
ter-cool i of; — LubriPBtion — Tlie mopieio — Wi-iglit — Tjpw o( 
motooi — The propeller — Form, a'av. and pitch — Slip — Mnie- 
rialH — Coast ruction. 

THE possibility of the existence of the flying 
machine as we have it to-Hay has been ascribed 
to the invention of the gasoline motor. While this 
ia not to he denied, it is also trne that the gaailine 
motors designed and built for aiitomoliilea and motor- 
boats have had to be wellnigh revolutionized to make 
them suitable for nse in the various forms of aii^ 
craft And it is to be rememltered, doubtless to their 
greater credit, that Uenson, Ilargrave, Langley, and 
Maxim had all succeeded in adajiting stpam to thp 
problem of the flight of modela, the two lalter using 
gasoline to produce the steam. 

Perhaps the one predominant qualification de- 
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manded of the aeroplane motor is reliability. A 
motor-car or motor-boat can be stopped, and engine 
troubles attended to with comparatively little incon- 
venience. The aeroplane simply cannot stop without 
peril. It is possible for a skilful pilot to reach the 
earth when his engine stops, if he is fortunately high 
enough to have space for the downward glide which 
will gain for him the necessary headway for steering. 
At a lesser height he is sure to crash to the earth. 

An understanding of the principles on which the 
gasoline motor works is essential to a fair estimate 
of the comparative advantages of the different types 
used to proj)el aeroplanes. In the first place, the rad- 
ical difference between the gasoline motor and other 
engines is the method of using the fuel. It is not 
burned in ordinary fashion, but the gasoline is first 
vaporized and mixed with a certain proportion of air, 
in a contrivance called a carburetor. This gaseous 
mixture is pumped into the cylinder of the motor 
by the action of the motor itself, compressed into 
about one-tenth of its normal volume, and then ex- 
ploded by a strong electric spark at just the right 
moment to have its force act most advantageously to 
drive the machinerv onward. 

It is apparent that there are several chances for 
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failure in Ihis aeries. The carburetor may not do 
its part accuralciy. The mixture of air and vapor 
may not lie in such proporliona that it will explode; 
in that ease, tlie ]K)wer from that alroko will be miss- 
ing, anil the engine will falter and slow down. Or 
a leakage in liie. evlinder mav jireveiit Ihe proper 4a 




compression of the mixture, the force from the ex- 
plosion will be greatly reduced, with a corresponding 
loss of power and speed. Or the electric spark may 
not be " fat " enough — that is, of sufficient volume 
and heat to fire the mixture ; or it may not " spark " 
at just the right moment; if too soon, it will exert 
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it's force spainst the onward motion; if too late, it 
will uot deliver tlif full power of the explosion at the 
time when its force is most iiaefiil. The necessity 
for sbsnhile perferlion in these operations is obvious. 
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Other peculiarities of the gasoline motor affect ' 

.derahly its use for aeroplanes. The continual 

and oft-repeated explosions of the gaseous mixture-J 

inside of the cylinder generate great heat, and thisfl 

not only interferes with ita regularity of inovetnen^ 





L 


but within a very brief time clieeks it altogether. 1 
To keep the cylinder cool enough to be serviceable, 1 
two methods are in use: the air-cooling system and 1 
the water-cooling system. In the first, flanges of J 
very thin metal are cast on the outside of the cylin-^ 

Thp IW l,..r-..-l,..^^,., ,.„^„ ( ^„ II„:„„ M„xu„: „t lh>. ■■optMtfimi 

i-i>ni|)ciund. und driven, by gMam. 

der wall. These flanges take up the intense heat, 
and being spread out over a large siii-face in thi» 
way, the rushing of the air through them as the ma- 
chine flies (or sometimes blown through them with 
a rotary fan) cools them to some degree. With the' 
water-cooling system, the cylinder has an external- 
jacket, the apace between being filled with watw 
which is made to circulate constantly by a smaU^ 
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pump. In its course ths water which has just t 
up the heat from the cylinder travels through a radi- , 
ator in which it is spread out very thiu, and this ] 
radiHtor J-* j=" plaeed in the machiue Ihat it receives 





Channel. I'hp curved 
the proncIlT turning f 
Afif»ni ifl of the " radij 



the full draught from the air rushing tlirough the 
macbiue as it Hiea, The amount of water required ' 
for cooling a motor is about Ij lbs. per horse-power. , 
With an 8-cyIinder 50 horse-power motor, this water 
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would add the very considerable item of 60 lbs. to the 
weight the machine has to carry. As noted in a pre- 
vious chapter, the McOurdy biplane has its radiator 
formed into a sustaining plane, and supports its own 
weight when travelling in the air. 

It is an unsettled point with manufacturers 
whether the greater efficiency (generally acknowl- 
edged) of the water-cooled engine more than com- 
pensates for the extra weight of the water. 

Another feature peculiar to the gasoline motor is 
the necessity for such continual oiling that it is styled 
"lubrication," and various devices have been in- 
vented to do the work automatically, without atten- 
tion from the pilot further than the watching of his 
oil-gauge to see that a full flow of oil is being pumped 
through the oiling system. 

The electric current which produces the spark 
inside of the cylinder is 8upj)lied by a magneto, a 
machine formed of permanent magnets of horseshoe 
form, between the poles of which a magnetized arma- 
ture is made to revolve rapidly by the machinery 
which turns the propeller. This magneto is often 
connected with a small storage battery, or accumu- 
lator, which stores up a certain amount of current for 
use when starting, or in case the magneto gives out. 



^^Hl^^l ^H 


■ 


PH 


^^1 


■ 


^ 


V 11 


r 


11 Mil J^% 


^^5 ii 1 


I ^ 


1 1 ^' Vl 


^Ql 1 


- -(8k -' 








'~t>4\J^^ 1 ^1 








^^ 


//, 


l'^^^>^ I H 


^^^ 


/\^ 


/ ' ^s. ^^ ^1 








^^^^^^^L 


■^^^^fe;^ 


M ^^%\ °l ^^1 


P 


^ 


"^11 


1 1 


-flT- -1.--- 






liUlIM ^ff 


T^f?f— -*!,-] 


H 


^1 1 


nn ^ r 


I'lp^^'-— ^ 


3 II - 
IS ■ 


^H '^ 


1 il 1 J IS 


3 i •'-J-A m 


^B 




1 r iXii'"3^ 


II ■ 


^ 


■M 


^y^x^aai).: |3 H 





H 302 FLYING MACHINES: MOTORS. ^^M 


^m The great rivalry of the builders of motora has ^^M 


^M been in cutting down the weight per horse-power to ^^M 


^M the lowest possible figure. It goea without saying ^^M 


^M that useless weight is h disadvantage in an aeroplane, ^^M 


^M but it has not been proven that the very lightest eo-^^^H 
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gines have made a better showing than those of star- ^^| 


dier build. H 


One of the items in the weight of an engine has ^^M 


been the fiy-wheel found neceasary on all motora of ^H 


4 c^'linderg or lesa to give steadiness to the run- ^H 
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ning. With a larger number of cylinders, and a con- 
Beqiieiitly larger uiimber of impulses in the circuit of 
the projieller, the vibration is so reduced that the 
fly-wheel lias been dispensed with. 

There are several distinct types of aircraft en- 
gines, based on the arrangement of the cylinders. 

s. i. 




The " tandem " type has the cylinders standing up- 
right ill a n>w, line behind another. There may be 
as many us eight in a row. The Ciirtise and Wright 
engines are examples, Another tyjie is the " op- 
posed " arrangement, the cylinders tieing placed lo a 
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horizontal position and in two seta, one working op- 
posite tiie otlier. An example of this type is seen in 
the Darrac(] motor iisej on the Sfliitos-Dumont mono- 
plane. Another type is the *' V " arrangement, the 
cylinders set alternately loaning to right and to left, 
na seen in the " Fiat " engine. Still another tj-pe 
is ihe " radiant," in which the cylinders are all above 
the horizontal, hikI disposed like rays from the rising 
sun. The 3-cylinder Anzitn! engine and the 5- and 
7-eylinder R-E-P engines are examples. The " star " 
type is exemplifieil in the 5 and 7-cyUnder en- 
gines in which the cylinders radiate at equal angles 
all around the circle. The "double opposed" or 
cross-shaped type is shown in the " Qobron " engine. 
In nil of these types the cylinders are stationary, 
and turn the propeller shaft either by cranks or by 
gearing. 

An entirely distinct ty|je of engine, ami one which 
has been devised solely for the aeroplane, is the ro- 
tative — often miscalled the rotary, which is totally 
different. The rotative type may be illustrated by 
the Gnome motor. In this engine the seven cylin- 
ders turn around the shaft, which is stationary. The 
propeller is fastened to the cylinders, and revolves 
with theai. This ingenious effect is produced by an 
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offset of the crank-shaft of half the stroke of the pis- 
tons, whose rods are all connected with the crank- 
shaft. The entire system revolves around the main 
shaft as a centre, the crank-shaft being also station- 
ary. 

Strictly speaking, the propeller is not a part of the 
motor of the flying machine, but it is so intimately 
connected with it in the utilization of the power cre- 
ated by the motor, that it will be treated of briefly 
in this chapter. 

The form of the air-propeller has passed through 
a long and varied development, starting with that of 
the marine propeller, which was found to be very in- 
efficient in 80 loose a medium as air. On account of 
this lack of density in the air, it was found necessary 
to act on large masses of it at practically the same 
time to gain the thrust needed to propel the aero- 
plane swiftly, and this led to increasing the diameter 
of the propeller to secure action on a proportionally 
larger area of air. The principle involved is simply 
the geometric rule that the areas of circles are to 
each other as the squares of their radii. Thus the 
surface of air acted on by two propellers, one of 6 
feet diameter and the other of 8 feet diameter, would 
be in the proportion of 9 to 16; and as the central 
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part of a propeller has practically uo thrust effect^ 
the efficiency of the 8-foot propeller is nearly twia 
tlint of the C-foot propeller — other factors beisffJ 
equal. But these otiier factors may be made to varyl 
widely. For instance, the number of revolutioiua 
may be increased for the smaller propeller, thus eo-j 
gaging more air than the larger one at a lower speed ;^ 
and, in practice, it ia possible tn run a nniall pro- 1 
peller at a speed that would not be safe for a large^ 
one. Another factor is the pitch of the propeller,^ 
which may be described as the distance the hub of* 
the propeller would advance in one complete revolu-| 
tion if the blades moved in an unyielding medii 
a section of Ihe thread of an ordinary bolt moves in! 
its nut. In the yielding nmss of the air the propellePi 
advances only a part of its pitch, in some cases not! 
more than half. The difference between the theo*J 
rctical advance and the actual advance is called t 
" slip." 

In practical work the number of blades which hav( 
been found to be most effective is two. More blades-^ 
than two seem to ao disturb the air that there is no 
hold for the propeller. In the ease of slowly revolv- 
ing propellers, as in most airship mechanisms, four- 
bladed propellers are used with good effect. But 
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wlieri' the iliaiiietcr uf tlw propeller \s about. 8 feet, 
and the niinilier nf revolutions abont 1,200 per min- 
ute, the two-bladed type in used almost exclusively. 

The many differing forms of the blades of the 
propeller is cvidenec that the inanufaetiirprs have not 
decided iijwn any definite shajje as t)eing the best. 
Some have straight edges nearly or quite parallel ; 
others have the entering edge straight and the rear 
edge eurved ; in others the entering edge is curved, 
an<I tlic rear edge slraifjbt; or Imlb edges may be 
curved. The majority of the wooden propellers are 
of the third-mentioned type, and the curve is fash- 
ioned so timt nt each seelion of its length the blade 
pre.-^entrt ihe same areu of surface in the same lime. 
Heiici^ the riiitrr tip, travelling the fastest, is nar- 
rower tlum the middle of the blade, and it is also 
mueli thinner to lessen the centrifugal force acting 
upon it at great epi-eds. Xear the hub, however, 
where the travel is slowest, the constructional prob- 
lem demands that the blade contract in width and 
lie made stonl. In fact, it becomes alnjost round in 
section. 

Many propellers arc made of metal, with tubular 
shanks and blades of sheet metal, the latter either 
solid sheets or formed with a double snrface and liol- 
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|iiw iiwiilo. Still otliera hnve a frame of oietal with!'.! 
blades of fabric put on loosely, bo that it may adapfc'l 
itself to the pressure of the air in revolving. Tbstfl 
great alreiigth is requiaite becomes plain when it ibI 
considered that the speed of the tip of a propeller J 
blade often reaches seven miles a minute! And itm 
this velocity the centrifugal force excited — tending tot 
tear the blades to splinters — ia prodigious. 

Just as the curved snrfflce of the planes < 
aeroplane is more effective than a flat surface ini 
compressing tlie air beneath them, and thus securing 
a tinner medium on which to plide, so the propeller 
blades are curved laterally (across their width) to 
compress the air behind them and thus secure a l<et-« 
ter hold. The advancing side of the blade is formed] 
with a still greater curve, to gain the advantage due-J 
to the unexplained lift of the paradox aeroplane. 

Where the propeller ia huiU of wood it is made of J 
aeveral layers, usually of different kinds of woe 
with the grain rimning in slightly different direc 
tions, and all carefully glued together into a solid! 
block. Ash, spruce, and mahogany, in altemating^V 
layers, are a favorite combination. In some in-"] 
stances the wooden propeller is sheathed in sheet-J 
aluminum ; in otliers, it is well coated with gluefl 
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which is sandpapered down very smooth, then var- 
nished, and then j)olished to the highest lustre — to 
reduce the effect of the viscosity of the air to the 
mininiuiu. 

In order to get the best results, the propeller and 
the motor must be suited to each other. Some mo- 
tors which *' race " with a propeller which is slightly 
too small, work admirably with one a little heavier, 
or with a longer diameter. 

The question as to whether one propeller, or two, 
is the better j)ractice, has not been decided. The 
majority of aeroplanes have but one. The Wright 
and th(? Codv uuichines have two. The certaiutv of 
serious ccmseciuences to a machine luiving tw<», 
should one of them b(* disabled, or even broken so 
as to reduce the area, seems to favor tlie use of but 
one. 



Chapter XI. 

MODEL FLYING MACHINES. 

Awftkenwl i«>niilar miercst— Tlif workshop's Kliare— No<.<t.>d de- 1 
vii'«t — Suiwr-Housitive invi'iirioris — I'nHOlvcd probleu 
Tools Hnit mnterialH — A model biiilaop — -The propeller — The 
body — The Bleering plane — ^rhe msin plaaen — A«serol>linK 
[lie part^-Thp motive power— FljinR the model— A iuodo- 
plane model — Carvini; a iiroiwller — Maii; Idens illiiBtrated — 
CIiiliH aD'l rompelitioDH — Some remarkable re<Nirds. 

IT is related of Benjamin Franklin that wlien he | 
went out with liia famous kite with the ' 
string, trying to collect electricity from tlie tliiindep- J 
cloud, he took a Iwy iilong to forestall the ridicule that j 
he knew would hf meted out to him if Itf 0(ieuly flew j 
the kite himself. 

Other scientific experimenters, notably those work- J 
ing upon the problem of, human flight in our own 
time, have enponntprcd a similar cmuiition of llie 
public mind, and have chosen to ooudiict llieir trials 
in secret rather than to contend with the derision, 
criticism, and loss of repirtation which a sceptical J 
world would have been quiiJt to heap upon them. 
215 
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But audi H poinplele revolution of tlioiight has been 
expcripucod in these latter days that groups of not- 
able sficntific mt'n gravely flying kites, or experi- 
menting with carefully made models of flying ma- 
chines, arouse only the deepest interest, and their 
smallest discoveries are eagerly seized upon by the 
daily press as news of the first importance. 

So mueh remains to be learned in the field of 
aeronautics that no builder and flyer of the little 
model aeroplanes can fail to gain valuable informa- 
tion, if that is his intention. On the other hand, 
if it be the sport of racing these model aeroplanes 
which appeals to him, the instniction given in tbe 
pages following will be equally useful. 

The earnest student of aviation is rcmindt-d that 
the progressive work in this new art of flying is 
not being done altogether, nor even in large part, 
by the daring operators who, with superb courage, are 
performing such remarkable feata with the flying ma- 
chines of the present moment. Not one of them 
would claim that hia machine is all that could be de- 
sired. On the contrary, these intrepid men more 
than any others are fully aware of the many and 
serious defects of the apparatus they use for lack of 
better. The scientific student in his workshop, pa- 
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tienrlv fxpuriiiipiitiiig willi his mndels, and wnrkingl 
Ui prove or disprove untested theories, is doubtleseJ 
doing an invaluable part in bringing about the sort! 
of flying which will be more truly profitable to hu 
mauity in general, though lesa spectacular. 

One of the greatest needs of the present maehines J 
is an automatic balancer which shall supersede the } 
concentrated attention which the operator is now 
compelled to exercise in order to keep his machine I 
right side up. The discovery of the principle upon j 
which stich « balancer must be built is undoubtedly i 
■within the reach of the builder and flyer of models. | 
It has been asserted by an eminent scientific experi- 
menter in things aeronautic that " we cannot hops ] 
to make a sensitive apparatus quick enough to take 
advantage of the rising currents of the air," etc 
With duL' rnspect to the publicly expressed opinion 
of this iuvfjitigutor, it is well to reassure ourselves ] 
against so pessimistic an outlook by remembering ^ 
that the construction of just such suiwrscnsitive 
apparatus is a task to which man has frequently 
applied his intellectual powers with signal success. 
Witness the ph otomicroscope, which records faith- 
fully an enlarged view of objects too minute to be 
even visible to the human eye; the aneroid barom- 
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eter, so weiisilive (lint it ivi!! iiulicale llie ilitfereiiff in 
tevrl betwt'fii tlu> talilo and llie floor 5 tlic tlicrrnoatat, 
which regulates the teiiipi'ratiire yf the water flowing 1 
in the tloinpslic heating system wJtli a ilelieaey im- 
posaihle to the moat highly constituted human organ- 
iain; the seiamngraph, detecting, recording, and ' 
almost lofaliiig ewrth (rciimrs originating thouaanda 




of miles away; (lie antomatie fire sprinkler; the 1 
safety-valve; the recording thcmioraeJer and other J 
meteorological inatrnmenta; and last, if not of lei 
iin{K)rtancp, the common alarm-clnok. And tJieae are 
Imt a few of the conlrivancea with which man does | 
by blind mccbanistn that which ia imposaible to his , 
sentient detenu inatinn. 

Even if the nervons system eonid be achooled into J 
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cridiTraiife of tlm wear and lejir of orascioiiHly hal- 
mii'iug an HPropiaiie for many Imiira, it is still iiu- 
peralivf that the task be not left to the exertion <if 
human wits, hut controlled hy self-aeting devices 
responding instantly to unforeseen conditions as they 

Some of the problems of which the model-builder 
may find the solution are: -whether large screws re- 


1 




--::::^^^^^^^^^^^^ 










y / y / / / /.^^.y ^--^ ^ — ■" — 


' — / / / / / /jfi^ x'^,--'-^^' — - — — 


-^ / / / / / ^y y^yy,"^ ^ — 


y / / / / //-'X'^.-^^— ^ — 




k 
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volving slowly, or small screws revolving rapidly, 
are the more effective; how many hliidra a propeller 
should have, and tbeir moat effective shape; what ia 
the " perfect " material for the planes (Maxira found 
that with a smooth wooden plane he could lift 2i 
times the weight that could be lifted with the beat 
made fabric-covered plane) ; whether the centre of 


1 



MODEL PLYING MACHINES. 



gravity of tho aeroplanp should be above or l)elow 
the centre of lift, or flhould coincide with it ; new 
formulas for the correct expression of the lift in 
terms of the velocity, and angle of inclination — the 
former formulas having been pro%'ed erroneous by 
actual experience ; how to take tlie beat advantage of 
the " tangential force " announced by Lilienthal, and 
reaaserted by Hargrave; and many others. And 
there is always the " paradox aeroplane " to be ex- 
plained—and when explained it will l>e no longer a 
paradox, but will douhtless open the way to the nuist 
surprising advance in the art of flying. 

It ia not assumed that every reader of this chapter 
will become a studious experimenter, but it is un- 
questionably true that every model-builder, in his 
eBoTt to produce winning machines, will be more 
than likely to discover some fact of value in the 
progress making toward the ultimate establisbment 
of the commercial navigation of the air. 

The tools and materials requisite for the building 
of model aeroplanes ore few and inexpensive. Tor 
the tools — a small hammer ; a small iron " block " 
plane ; a fine-cut half-round file ; a pair of round-noae 
pliers; three twiat drills (as uaed for drilling metals), 
the largest ^ inch diameter, and two smaller sizes, , 
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with an aHjiifltnlilf lirml-awl lininllo t<i liold tliem; 
a sharp pcwket knife; jiuil, if [irntrr i cable, a siiiflll 
band viflp. The viae may Ix? dispensed with, and 
common lirad-awls may take the place of the drills, 
if neoeaaary. 

For the ft rst-il escribed model — the wirTiplest — the 
following materials are needed: some Ihin whit«>- 
wood, ^ incli thick (as prepared for fret-sawing); 
Bome sprnce sticks, ] inch square (sky-rocket sticka 
are good) ; a sheet of heavy glazed pajier ; a bottle of I 
liquid glne; some of the smallest (in diameter) brass 
screws, J to J inch long; some brass wire, iV inch in 
diameter; 100 inches of square rubber (elastic) 
" pord," Mueh as is used on return-balls, but tV inch 
square; and a few strips of draughtsman's tracing 
clotli. 

As the propeller is the most diftieult part to make, 
it is best to begin with it. The flat blank is out out 
of the wbitewood, and Bubjected f^ the action of 
steam issuing from the spout of an actively boiling 
tea-kettle. The steam must be hot; mere vapor will 
not do the work. When the strip has become pliable, 
the shaping is done by slowly bending and fivisting 
at the same time- — perhaps "coaxing" would be the 
better word, for it must be done gently and witfi 







Blocks for holding Propelle% 
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Scale of inches. 



i4, B, blank from which propeller 
is shaped; P, P, pencil lines at 
centre of bend; C. D, sections of 
blade at points opposite; B, O. pro- 
peller after twisting ; H, view of 
propeller endwise, showing out- 
ward twist of tips; also shaft. 
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|)atieiice — and the steam must be playing on the wood 
nil the time, first on one side of the strip, then on 
the other, at the point wlicre the fibres are being bent 
The utmost care should be taken to have the two 
blades bent exactly alike — -although, of course,' wi' 
a contrary twist, the one to the right and the other 
the left, on each side of tlie centre. A lead-pencil 
line across each blade at exactly the same distance 
from the centre will serve to fix accurately the centre 
of the liend. If two blocks are made witli slots cut 
at the angle of 1 inch rise to 2J inches base, and 
nailed to the top of the work bench just far enoiigb 
apart to allow the tips of the screw to be slid into the 
slots, the drying in perfect shape will be facilitated. 
The t«ntre may be held to a true upright by two other 
blocks, one on each side of the centre. Some stripe 
of whitewood may be so rigid tliat the steam will not 
make them sufficiently supple. In this case it may be 
necessary to dip them bodily into the boiling water, 
or even to leave tlieni immersed for a few minutea; 
afterward bending them in the hot steam. But a 
wetted stick requires longer to dry and set in the screw 
shape. When the propeller is thoroughly dry and set 
in proper form, it should be worked into the finished 
shape with the half-round file, according to the eev 
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eral aectioDa shown beaido tlie elevation for each part 
of the liiade. The two streJigthcning pieces are then 
to be glued ou at the ceEtre of the screw, and when 
thoroughly dry, worked down smoothly to shape. 
When all is dry and hard it should be smoothed witb 
the finest emery cloth and given a coat of shellac var- 
nish, which, in turn, may be rubbed to a polish with 
rotten atone and oil. 

It may he remarked, in passing, that this is a crude 
method of making a propeller, and the result cannot 
be very good. It is given here because it is the easiest 
way, and the projjeller will work. A much better 
way is described further on — and the lietter the pro- 
peller, the better any model will fly. But for a nov- 
ice, no time will be lost in making thia one, for the 
experience gained will enable the model-builder to 
do better work with the second one than he could do 
without it. 

For the aerojilane body we get out a straight spar 
of spruce, \ inch square and 15J inches long. At the 
front end of this — on the upper side — is to be glued 
a small triangular piece of wood to servo as a sup- 
port for the forward or steering plane, tilting it up 
at the front edge at the angle represented by a rise 
of 1 in S. Thia block should be shaped on its upper 
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side to fit the curve of the under side of the steering- 
plane, which will be screwed to it. 

The steering-plane is cut according to plan, out 
of -ft inch whitewood, planed down gradually to be 
at the ends about half that thickness. This plane is 
to be steamed and bent to a curve (fore and aft) as 
shown in the sectional view. The steam should play 
on the convex side of the bend while it is being 
shaj^d. To hold it in proper form until it is set, 
blocks with curved slots may be used, or it may be 
bound with thread to a moulding block of equal 
length formed to the proper curve. When thor- 
oughly dry it is to bo smoothed with the emery cloth, 
and a strip of tracing cloth — glossy face out — is to 
be glued across each end, to prevent breaking in case 
of a fall. It is then to he varnished with shellac, 
and polished, as directed for the propeller. Indeed, it 
should 1)0 said once for all that every part of the 
model should be as glossy as it is possible to make 
it without adding to the weight, and that all " enter- 
ing edges '' (those which push into and divide the air 
wlien in flight)* slionld be as sliarp as is practicable 
witli the materia] used. 

Th(* steering-})lan(» is to be fastened in place by 
a single screw long enough to pierce the plane and 
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the supporting liiock, and enter the spar. The hole 
for this sereiC (us for all screws tispd) should lie 
drilled earefnlly, to avoid the least splitting of the 
wood, and just large enough to have the screw " bite " 
without fon^ing its way in. This screw which holds 
the plaue is to l>e screwed " home," but not too tight, 
Bo that in case tlie tl.yiug tnodol slitndd strike upon 
it in falling, the slender piano will swivel, and not 
break. It will he notieed that while this screw passes 
through the centre of the plane sideways, it is nearer 
to the for^va^d edge thau to the rear edge. 

If the work has l)eeii accurate, the plane will bal- 
ance if the s])ar is supported — ujhui the finger, per- 
bapa, as that is sensitive to any tendency to tipping. 
If either wing is too heavy, restore the balance by 
filing a little from the tip of that wing. 

The main planes are next to be made. The lower 
deck of the biplane is "f ihe tV inch whilewood, and 
the upper one is of the glazed paper up<in a skeleton 
framework of wood. The upright walls are of paper. 
The wooden deck is to l>e bent inlo Ihc proper curve 
with the aid of steam, and when dry and set in form 
Is to be finished and polished. The frame for (he 
upper d(^k is made of the thin whitewcioil. and is 
held to its [Msition by two diagonal struta of white- 
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\V'«)d bent at the ends with steam, and two straight I 
upright struts or posts. It is better to bend all croaa- 1 
pieces into the curve of the plane with steam, but I 
they may be worked into the curve on the top side J 
with plane and file, and left flat on the lower side.'l 
The drawings show full details of the construction, I 
drawn accurately to scale. 

It is |je3t to glue all joints, and in addition to in- 
sert tiny screws, where shown in the plans, at the tini»l 
of gluing. 

When all the wooden parts are in place the entire 1 
outline of the upper plane and the upright walls is | 
to be formed of silk thread carried from point to j 
point, and tied upon very small pins (such as are J 
used in rolls of rihlwn at the stores) inserted in the I 
wood. The glazed paper is put on double, glossy j 
side out. Cut the pieces twice as large (and a trifle J 
more) than is needled, and fold so that the smooth 1 
crease comes to the front and the cut edges come to- J 
getlier at the rear. The two inner walls should b6 1 
put in place first, so as to enclose the thread front J 
and back, and the post, between the two leaves of the 1 
folded paper. Cutting the paper half an inch too 
long will give one fourth of an inch to turn flat top 
and bottom to fasten to the upper and lower decks 
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respectively. The two outer walls and the upper deck 
may be cut all in one piece, the under leaf being slit 
to pass on cither side of the inner walls. A bit of 
glue here and there will steady the parts to their 
jilaces. The cut edges at the rear of the deck and 
walls should be caught together with a thin film of 
glue, so as to enclose the rear threads. 

When the biplane is completed it is to l)c fastened 
securely to the spar in such a position that it is ac- 
curately balanced — from side to side. The spar may 
be laid on a table, and tlie biplane placed across it 
in its approximate position. Tlien move the plane to 
one side until it tips down, and mark tlic spot on the 
rear edge of the plane. Repeat this ojx^ration toward 
the other side, and the centre between the two marks 
should be accurately fastened over the centre line of 
the spar. Even with the greatest care (here may still 
be failure to balance exactly, but a little work with a 
file on the heavy side, or a bit of chewing gum stuck 
on the lighter side, will remedy the matter. 

The body of the aeroplane being now built, it is 
in order to fit it with propelling mechanism. The 
motive power to whirl the propeller we have already 
prepared is to be the torsion, or twisting strain — in 
this case the force of untwisting — of india rubber. 
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When Rcvpral strauds of pure nibher coiti are twisted 
lip tight, their eiasticity U'nth to untwist Iheni with 
considerable force, Tlic allachinent for the rubber 
strands at (he front end uf the spar is a sort of bracket 
made of the brass wire. The ends of (hp wire arc 
turned up just a little, and they are set info little 
holes in the under eide of the spar. Where the wire 
turns downward to form the hook it is bound tightly 
to the spar with silk thread. The hook-shaped tip ia 
formed of the loop of the wire doubled upon itselfi 
The rear attachment of the ndiljer strands is a loop 
upon the propeller shaft itself. As shown In the 
drawings, this shaft is hut a piece of the braes wire. 
On one end (the rear) nn op«>n l<H>p is formed, and 
into this is slipped the rentre of ibe iirn[ieller. The 
short end o£ the loop is then twisted around the 
longer shank— very carefully, lest the wire cut into 
and destroy the propeller. Two turns of the wire is" 
enough, and then the tip of the twisted end should 
be.worked down flat with the file, to serve as a bear- 
ing for the propeller against the thruat-bloek. This 
latter is made of a piece of sheet brass (n bit of 
printers' brass " rule " is just the thing) aliout jV 
of an inch thick. It should be J of an inch wide 
except at the forward end, where it ia to be filed to a 
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limp prjiul and Uint up a triflo lo enter ihe -wckkI of 
llie apar. The rear eud is Ijent (iowu (not. too aharply, 
lest it break) to form the bearing for tlie proix-ller, 
a hole being drilled through it for the propeller shaft, 
just large enough for the shaft to turn freely in it I 
Another smaller hole is to be drilled for a little screw I 
to enter the rear end of the apar. Next pass the 
straight end of the propeller shaft through tJie hole ■ 
drilled for it, and with the pliera form a round hook 
for the rear attachment of the rubber strands. Screw I 
the brass bearing into place, and for additional | 
strength, wind a binding of silk thread around it 
and the spar. 

Tie the ends of the rubber cord together, divide it 
into ten even strands, and pass the loopa over the two 
hooks — and the machine is ready for flight. 

To wind up the rubber it will be necessary to turn 
the propeller in the opposite direction to which it ] 
will move when the model is flying. About 100 turns 
will be required. After it is wound, bold the ma- 
chine by the rear end of the spar, letting the propeller 
press against the hand so it cannot unwind. Raise | 
it slightly above the head, holding the spar level, 
or inclined upward a little (as experience may die- 1 
tate), and launch the model by a gentle throw for- J 
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ward. If the work has been well done it lUiiy tly 
from 150 to 200 feet. 

Many cxperimeutB may be mtide with iWa? machini.-. 
If it flies too high, weight the front end of the spar; 
if too low, gliding downward from th« start, weight 
the pear end. A bit of chewing gum may be enough 
to cauae it to ride level and make a longer and pret- 
tier flight. 

A very graceful mode! is that of the monoplane 
type illustrated in the accompanying reproductions 
from photographs. The front view shows the little 
machine just ready to take flight from a table. The 
view from the rear is a snap-shot taken wliile it was 
actually flying. This auceeaaful model was made by 
Harold S. Lynn, of Stamford, Conn. Before dis- 
cussing the details of construction, let ua notice some 
peculiar features shown by the photographs. The 
forward plane is arched ; that is, the tijta of the plane 
bend slightly downward from the centre. On the 
contrary, the two wings of the rear plane bend slight- 
ly ui)ward from the centre, making a dihedral angle, 
as it is called ; that is, an anpio between two surfaces, 
as distinguished from an angle between two lines. 
The toy wheels, Mr. Lynn says, are put on princi- 
pally for " looks," but they are also useful in per- 
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niilliiif^ a slarl In l)r niuHe from a table or even from 
tljc tiiK)r, iiisttiad of tho usual wa_y of liulJiiig tlia 
model ill tbe Iiaiid:^ Hud giving it a slight throw 
(o get it started. However, the wheels add to the 
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weight, and the inodcd will not Ry quite ao far with 
theiu aa without. 

The wood from wliieh this model was made was , 
taken from a bamhoo fish-pole, such as may be i 
bought anywhere for a dime. The pole was split j 
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u]i, nn.l ilie siiitahle pieces whittled and planed down 
ti) ilic prniKT size'^, as given in the plans. In putting 
(lie fraiiipwork of the planes togeliier, it ia well to 
ni'teh very slightly eaeli rib and spar where they 

I'Awa. Twiich the joint with a bit nf liqnid glue, nuij 
wind <]iiii'kl,v with a few tuniH of sewing silk anil tie 
tigblly. This must be done with delieaey, or the 1 
frames will be out of true. If the work is done rap- 
idly tliD glue wilt not set until all the tics on tlie . 
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plane are finished. Another way is to touch the join- 
ings with a drop of glue, place the ribs in position 
on the spars, and lay a board carefully on the work, 
leaving it there until all is dry. when the tying can be i 
done. It either case the joinings should be toiiched 
again with the liquid glue and allowed to dry hard. 

The best material for covering these frames is the 
thinnest of China silk. If tins is too expensive, use 
the thinnest cambric. But the model will not fl; 
far with the cambric covering. The material is cut I 
one-fourth of an inch too large on every aide, and I 
folded over, and the fold glued down. Care should I 
be taken that the frame is square and true before the 
covering is glued on. 

The motive power is prodiiced by twisting up rub- 
ber tubing. Five and three-quarter feet of pure rub- 
ber tubing are required. It is tied together with silk 
so as to form a continuous ring. This is looped, over 
two screw-hooks of brass, one in the rear block and 
the other constituting the shaft. This looped tubing 
is twisted by turning the propeller backward about 
two hundred turns. As it tmtwists it turns the pro- 
peller, which, in thia model, is a " traction " screw, 
and piilla the machine after it aa it advances through 
the air. 




DMalU and plus of llie HaroliI Lyan model moni^liDf . IF. ull blook: ] 
thnul-btock; S, iDountJDBof pntpehpr ihowioB £I>**a bead uexx ih« IhrUB 
block, and oat Intber wuher oulilda the XTnir; S, kIvh bciid; C, ti 
wubir; if. if, lin lu^ lulduif ula ol wbnli. 
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The propeller in tliia inHlan(.'C is formed from 
piece o£ very thin tin, such aa is used for the topa of 
cans (vmlaining condensed milk. Reference to tlie 
many ill nst rations tlironghoiit this book showing pro- 
pellers of flying machines will give one a very good 
idea of the proper wav to l)end the blades. The , 




hUwd or fa 




r Uv«r. 1 


■VPC, 




.» Elucd in the ponlion ^hown ud Ih. 


phloilwt 


■nrvM 


inc to ih. 


B Mclioiu. Only one bbds ia sbuwD 


, from Ih 


,L- ail* 



I 



mounting with the glass bead and the two leather 
washers is shown in detail in the plans. 

The wheels are taken from a toy wagon, and a 
pair of tin ears will ser\'e as bearings for the axle. 

The sport of flying model aeroplanes has led to the i 
formation of many clubs in this coitntry as well as I 
in Europe. Some of the mechanisms that have been | 
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devised, and some of the contrivances to make the 
models fly better and further, are illustrated in the 
drawings. 

Records have been made which seem marvellous 
when it is considered that 200 feet is a very good 
flight for a model propelled by rubber. For instance, 
at the contest of the Birmingham Aero Club (En^ 
land) in September, one of the contestants won the 
prize with a flight of 447 feet, lasting 48 seconds. 
The next best records for duration of flight were 39 
seconds and 38 seconds. A model aeroplane which 
is " guaranteed to fly 1,000 feet," according to the 
advertisement in an English magazine, is offered for 
sale at $15. 

The American record for length of flight is held 
by Mr. Frank Schober, of New York, with a dis- 
tance of 215 feet 6 inches. His model was of the 
Langley type of tandem monoplane, and very highly 
finished. The problem is largely one of adequate 
power without serious increase of weight 



Chapter Ml. 

THE GLIDER. 

Aerifti bnlanping^Practiee Dpopssary — Simplicity of riip j;liilpr 
Hateriols— fonslrticUon— (ilidiiiK— I'Vnt- ivitli lin' Muol- 
gom^ry glider — Noted experimpoterB — Glider clubs. 

IT is fl matter of record that the Wright hrothera 
8|ient tile Iwtter part of three .yenra aniouj^ tlie 
sand dimes of the North Carolina sea-i-onst practising 
with gliders. In ihis wa_v they accjiiired that confi- 
dence while in the air which comes from iutiniatp ac- 
qiiaiutnnce with its peculiarities, and which cannot be 
gained in any other way. It is true that the Wrights 
were then developing not only themselves, hiit also 
tlieir gliders; but the latter work was done once for 
all. To develop aviators, liowever, means the re- 
peating of the same process for each individual — just 
as each for himself must be tauglit to read. And the 
glider is the "First Reader" in aeronautics. 

The long trail of wrecks of costly aeroplanes mark- 
ing the progress in the art of flying marks also the 
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Ini'k of pi-eparatory trainiug, wliicli 
eiflier tliouglit unnecessary, or hoped to escape by 
Bome royal road less wearisome than persistent per- 
sonal practice. But tbey all paid dearly to discover 
that there is no royal road. Practice, more practice, 
and still more practice — that is the secret of success- 
ful aeroplane flight. 

For this pnr|io96 the glider is much suj)erior to 
the power-driven aeroplaue. There are no controls 
to learn, no mechanism to manipulate. One simply 
launches into the iiir, and concentrates his efforts 
upon halanciiig himself and the apparatus ; not as two 
distinct bodies, however, but as a uniTcd whole. Wlien 
practice has made perfect the ahility to balance the 
glider instinctively, nine-tenths of the art of flying 
an aeroplane has been achieved. Not only this, but 
a new sport has heeji laid under contribution; one 
beside which coasting upon a snow-clad hillside is a 
crude form of enjoyment. 

Fortunately for the multitude, a glider is easily 
made, and its cost is even less than that of a bicycle. 
A modest degree of skill with a few carpenter's tools, 
and a little "gumption" about odd jobs in general, 
is all that is required of the glider builder. 

The frame of the glider ia of wood, and spruce ia 
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r*vi'nniiiieinlpil, ns it is slrouiii-r iiiid touglirr for itS'^^f 
weigiit tliau oilier woods. It. strnidd he of atraiglit ^^\ 
grain ami frp^ from knota; ami as ilim'e is consider- 
able difference in the weight of s]irtie(' from different 
trees, it is well to go over the pile in the himher yardl 
and pick out the lightest tMiards. Have them planed! 
down smooth on Imtli aides, and to the required tliiet-fl 
neaa, at the mill— it will save miieh toilsutne hand J 
work. The separate parta may also he sawed out at \ 
the mill, if one desires to avoid this lakir. 
The Inniher needed ie ns follows: 

4 BpArs 30 fl. limg, U i'l. wiiJe, t in. thick, i 

1» rtrula 3 ft. long, li in. wide, 1 in. thick, f 

2 niililer bars 8 (L lung, J iti. wide, i in. thicfc..] 

12 [losts 4 ft. loiiR, IJ in. wida. \ in. thtoki J 

41 ribs 4 ri, lung, \ In. wide, | in. tl 

3arnirc»ls 4 (I. Ionk, 3 in. wide, I in. thldbl 

For rudder fraiua, 24 running ft., 1 in. widr, 1 in. thict ^ 

Tf it he inipoaailile to find dear aprnee liiiulier 20 J 
feet in length, the spars may !« built up by aplimngj 
two 10-foot sticks togetlier. For \\\i» pnrpose, the I 
splicing stick shonld he as heavy as the single spar — ^J 
'[\ inches wide, and J inches thick — and at least 4 feet.a 
long, and lie iiolted fast to the spar with six \ inchl 
ronnd-heud carriage br>lts with washers of large bear- 1 
ingsnrfaee (that ia, a small hole to fit the bolt, and b 
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Inrj^e ihiHt (liumcli-r| :tl Imili I'liiis nf t|ie boll, to pif- 
vent cruBbiiig \\\*- wimil. A layer of li([iiid glue 
brushed Ivtwpeii will liclp lo n\vkie iIk- joint, flniipr. 
WTipn-v.-r » l,..lt i^ |i.i[ ill. a liol.- sli.mid U- Iw.rp.] 
for il will, a bit of sut-li si/t- thai llie Iji.Ii will fit 
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of the linished spar are to Ik; 



off oo a large curvature. 
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Tlie ciida of tlio st.ruts are lo lie cut down on i 
slight sliint of uboiil iV inch in the 1^ inches that I 
it laps unJcr the spar — with the idea of tipping the I 
top uf the spar forward so that the ribs will spring 1 
naturally from it into the proper curve. 

The ribs shonld be bent by steaming, and allowed I 
to dry and set in a form, or between blocks nailed I 
upon the floor to the line of the correct curve. They 1 
are then nailed to the frames, the front end first; 1 
21 to the frame of the upper plane, and 20 to that I 
of the lower plane, omitting oue at the centre, where I 
the arm pieces will be placed. 

Some builders tacit the riba lightly into place with ] 
Email brads, and screw clamps formed from sheet ' 
brass or aluminum over them. Others use copper 
nails and clinch them over washers on the under side. 
Both methods are shown in llie plans, but the clampa 
arc recommended as giving greater stiffncjUR, an esscn- j 
tial feature. 

At the front edge of the frames the ribs are fas- 1 
tened flush, and being 4 feet long and the frame but ■ 
3 feet wide, they project over the rear about 1 foot. 

The ami pieces are bolted to the spars of the lower J 
frame CJ inches on each side of the centre, s 
allow a free space of 13 inches between them. Thi 
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opening may bp nimie. widor tn aromtiniorlate a 
person. 

Tlii^ ppsls arp ttieii ptil iuto pliice ami iKtltctl lo I 
the Hinila and the simrs, hb sho\vn, with i-inch Wits. J 

The entire structure is then to he hracod iliagonallj I 
witli No. 16 piano wire. The greatest care must baJ 
taken to have these diagonals pull just taut, so thatfl 
they shall not warp the lines of the frames out of true. I 
A crooked frimie will not fly straight, and U a source \ 
of danger when making a landing. 

The frainca are now to he covered. Tliero is a J 
sjiecial halloon cloth made which is best for the pur-J 
pose, hut if that cannot lie procured, strong cambric I 
muslin will answer. Thirty yards of goods 1 yard! 
wide will lie required for the planes and the rudder. | 
From the piece cut off 7 lengths for each plane, J 
4 feet 6 inches long. These arc to 1m? sewed together, 
selvage to selvage, so as to make a sheet about 19'm 
feet (i inches long and 4 feet inches wide. As thisi 
IM to I)e tacked to the frame, the edges must lie double?] 
liemtiicd (o make them strong enough to resist teariBg,] 
ont at llic tacks. Half an inch is first folded downJj 
ail around ; the fold is then turned back on the gooijsa 
2i inches and sewed. This hem is then folded back] 
1 inch upon itself, and again stitched. Strips '< 
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ilicWs wide nni] a little over 4 fprt I.idk hiv fr.lilivl 
" threfrdoiiltte " iutu a witilli of 1 iu.'li, uit<l s<-w<'<l 
along Iwtii edges to llw large wlurl cxiK-tlv mvi r wUvro 
l.be riljs (fuiie. Tlipse arc tn sfmigttieii (lit! fabric 
where Ilie rilis press against it. Sisteen-oiiiire taeks 
are used, iH'Jng driven tliroiigh a felt washer the size 
of a ^in Avad at intervals of four inches. If fell is 
not n^adily obtainable, common felt gun wads will do. 
The tacking is best begun at the middle of the frame, 
having folded Iho cloth tlter« to get the centre. Then 
Btreldi emoollily out to the four cornen) and tack at 
each. . It may then be necessary to loosen the two 
ceutrc tackg and place, them over again, to get rid of 
wrinkles. The next: taeka to drive arc iit the ends 
of the sirnis; (lien half-way iKtween; and *> on until 
all are in, and the sheet is tant- an.l sun.olh. For 
a finer finish, brass rtiiind-hcad upliolMtiTcr's nails 
may be used. 

The rudtler, ai^culle.l. is rather a tail, for il is not 
movable and does not steer Ihe glider. Il d<K'.s stciidy 
the machine, however, and- is very imiwrlant in pre- 
serving the equilibrium when in flight. It is formed 
of two small planes intersecting each other at right 
angles and covered on both sides with llie cloth, the 
sectioufi covering the vertical part being cut along 
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tlic reiitri? and hcTiinu'il on to tlic uppor and lower 
faces of tlip liorizoiital part. Tlie frame for the ver- 
tical part is faateiiecl to the two rudder bars which 
stretch out toward the rear, one from the upper 




plane, ami the other from the lower. The whole con- 
Btruetiou is steadied by guys of the piano wire. 

All wooden 'parts should be smoothed off with sand- 
piper, and given a coat of sbcUac varnish. 

To make a glide, the machine ia talccn to an el&- 
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vutcd point on a slitpe, iidI. far up to hpftiii wi 
Lift llif glider, get in between the ami i-ests, and i 
raise tlie apparatus until tlie rests are snug iiiidcr | 
the arms. Run swiftly for a few yards and Irap 
into the air, holding the front of the planes slightly 
elevated. If the weight of the body is in the right i 
position, and the speed sufficient, tie glider will take , 
the air and sail with you down the slope. It may be 1 
necessary at first to have the help of two assistants, I 
one at each end, to nm with the glider for a good ' 
start. 

The position of the body on the arm rests can b 
he learned by a few cxiwriinents. No two gliders are 1 
quite alike in this respect, and no riilo can be given. 
As to the requisite speed, it must be between 15 and 
20 miles an hour; and as this speed is impossible to 
a man running, it is gained by gliding against the 
wind, an<I thus adding the speed of the wind to the 
speed of the mnner. The Wrights seleeted the sand | 
dnnes of the North Carolina coast for their glider I 
experimentfl because of the steady winds that blow 
in from the ocean, across the land. These winds 
gave them the necessary speed of air upon which to 
sail their gliders. 

The first Sights attempted should be short, and 
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as Pxjierit-ni'o is fiiiiin'il |nii{fcr 'uics iiiiiv \k\ t'S- 
Buyeil. 

Balancing liie glider from side to aide is nccoin- 
plislied liy swnying the lower part of tlie body like a 
penduliiai, tlii; weight to go toward the side wliioh 
has risen. Swinging the body forward on the arm 
rests will cause the niafhiiie to dip the pianos and 
glide more swiftly di'wn the ineline. Holding the 
weight of the body back in the arm rests will cause 
tlie machine to fly on a higher path aiifl at a slower 
speed. This is objcetioniihle l>ecau3e the glider is 
more manageable at a higher speed, and therefore 
safer. The tendency at first is to place the weight 
too far back, with a conse^jnent loss of velocity, and 
with that a proportionate loss of control. The proper 
position of the body ia slightly forward of Ihe me- 
chanical centre of the machine. 

The landing is accomplished by shoving tlie body 
backward, tints tilting up the front of the plane. 
This checks the speed, and when the feet touch the 
groimd !i little nin, while holding hack, will hrins 
the glide to an end. Landing should be practised 
often with brief glides until skill is gained, for it is 
the moat difficult operation in gliding. 

After one becomes expert, longer flights may be 
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Beeiired liy going to higlier points for the start. From 
1 plevntion of 300 fpct a glide of 1,200 feet is pos- 
sible. 

While it is neeessary to make glides ftgainst tbo 
wind, it is not wise to attempt fliglits when tlio wind 





blows harder than 10 miles an lionr. While the 
flight may be successful, the landing may be dis- 
astrous. 

The aceompliabed glider operator is in line for 
the aeroplane, and it is safe to aay that he will not 
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be long without one. The skilful and practised op- 
erator of a glider makes the very best aeroplane 
pilot. 

This chapter would not he complete without an 
adequate reference to the gliders devised by Professor 
Montgomery of Santa Clara, California. These ma- 
chines were sent up with ordinary hot-air balloons 
to various heights, rearhinp 4,000 feet in some in- 
stances, when they were cut loose and allowed to 
descend in a long glide, guided by their pilots. The 
time of the descent from Ihe highest altitude was 
twenty minutes, during which l.ho glider travelled 
about eight niilfs. The landing was made accurately 
upon a designated spot, and so gently tliat there was 
no perceptible jar. Two of the pilots turned com- 
pletely over sideways, the machine righting itself 
after the somersault and continuing its regular course. 
Professor Montgomery has made the assertion that 
he can fasten a bag of sand weighing 150 lbs, in the 
driver's seat of his glider, and send it up tied U])- 
side down under a balloon, and that after being cut 
loose, the machine will right itself and conio safely 
to the ground without any steering. 

Lilienthiil in Germany, Pilcher in England, and 
Cfaanute in the United Stales are names eminent in 
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oonnection with the experiments with gliders which 
have been productive of discoveries of the greatest 
importance to the progress of aviation. The illus- 
tration of the Chanute glider shows its peculiarities 
plainly enough ' to enable any one to comprehend 
them. 

The establishment of glider clubs in several parts 
of the countrv has created a demand for readv-made 
machines, so that an enthusiast who does not wish 
to build his own machine may purchase it ready 
made. 



Chapter Xlil. 

BALLOONS. 

FlrM air vehicle— rrinciiili- of Arrhimpilra— Why balloons rtae 
— InflalioB Boses— Early history— Th-? MontgolliiTR— The 
bot-air balloon — Charles's hydrogen halloon — Pilatre de 
Rozier— The first npronaul— The first balloon voyage — 
Blanchard and JplFrief— CrosNiuK Ihe EuKlisb Cbanucl — 
First English asrensiona — Notable voyaKe« — Reeeul long- 
dlstanee journeys and hich ascensions — Prise balloon 
— A fascinaling «|>orC — Some impresnionti. advenlureH, 
and liardships — Ac(?ident record— Increasing interest in 
balloon ing. 

THE liLitlonn, tliongh the earlipHt and crmlest 
means of getting up in the air, has not Le- 
come obsolete. It has been in existence practically 
in its present general form for upwards of 500 _vear3. 
Appliances have been added from lime to time, hut 
the big gaa envelope puclosing a volume of some gas 
lighter than an eipial volume of air, and the basket, 
or ear, suspended lielow it, remain ns the typical form 
of aerial vehicle which has not changed since it was 
firat devised in times so remnte as to lie outside the 
boundaries of recorded history. 



.:;V( BALLOONS. 

Tlio wnuuon «luipe of the gas \mg of a balloon is 
thtit of the !(phere« or ^)nietimes of an inverted pear. 
It N allowW ti> ri^^e ami iloat awav in the air as the 
l>n*vailijip wiiul niav carry it Attempts have been 
«itt\U» to *twr it in a desired direction, but they 
did not HvxH^inpH^li much until the gas bag was made 
\o\\^ ht^rUoutally, in |ir\>ix>rtion to its height and 
width. With a dnip-n>|it» trailing behind on the 
gnMiiid fnMii the n*rtr end of the gas bag, and sails 
ou tho forwiml rud. it was |H^ble to guide the 
t'loti^atrd hrtlUMHi to s<»iiie extent in a determined 
tlii*tvtioiu 

III explaining why a balUnni ri<os in the air, it is 
enstoniary to ijuoto the " principle of Archimedes," 
disin»venMl ami fornndatod by that famous philos- 
opher eenhirios In^fon^ the ("liristian era. Briefly 
stated, it is this: Kvery Inuly immersed in a fluid is 
acteil n]>oii hy a fonv ]>ressinir ni)ward, which is 
e<pial to the weight of the amount of the fluid dis- 
placed hy the immersed Ixxly. 

It remained for Sir Isaac Xewton to explain the 
principle of Archimedes (by the discovery of the law 
of gravitation), and to show that the reason why the 
immersed body is apparently pushed u])ward, is that 
the displaced fluid is attracted downward. In the 
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: of a siilimergoH bag of a gas liglitcr than air, 

the amount of force acting on llio siin-oumling nir 

ia greater than that acting on the gas, and the latter 

ie simply crowded out of the way by the descending 

and forced up to a liigher level where its lighter 

F bulk IB balanced by the gravity actinj; upon it. 

The fluid in which the ballcmn is immersed ia the 
air. The force with which the air crowds down 
around and under the balloon ia its weight — weight 
being the measure of Che attraction which gravity 
exerts upon any substance. 

The weight of air at a temperature of S2° Fahr., 
at the normal barometer pressure at the aea-level 
(29.92 inches of mercury), is 0.0807 lbs. per cubic 
foot. The gas used to fill a balloon must therefore 
weigh less than this, bulk for bulb, in order tn be 
crowded upward by the heavier air— rand thus e.xert 
' its " lifting power," as it is commonly called. 

In practice, two gases have been used for inflating 

balloons — hydrogen, and tllnminatiug gas, made or- 

' dinarily from coal, and called " coal gas." Hydro- 

I gen is the lightest substance known; that is, it is 

attracted less by gravity than any other known sub- 

[ stance, in proportion to its bulk. 

A cubic foot of hydrogen weighs but 0,005fi lbs.. 
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iiDfl it ivill llicrcf"rc be pushed iipwiird in iiir by 

the (iiffemicp in weight, or O.OTril Iha. per ciihic fooL 

A cubic fixit of cohI gas weighs alwiit 0.0400 Ihs., uud 

viii-tfQwdetl upward in air with a force uf 0.U4OT Iha. 
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lo Ihc upw»n! prcmun' u( llif air. g 



It 18 readily Been that n vtry large bidk of hydro- 
gen must be nsod if any cmisidernble weight ta to he 
lifted, For to the weight of tlip gas niTist he added 
the weight of the contniiiing hag, the ear, and the 
network supporting it, the ballast, instrumenta, and 
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jiawsengers, ami llicrti iiiiisl still be enough 

afford elfcvatiii}; jjowlt BiiHicieiit tn riiisL> iIil' entiw 

load to the desiretl lovel, 

L^t lis assiiiDc lliat we have a ballnou with u vol-J 
iJO,000 ciibip feet, which weighs with 
appurtenances 500 poimda. The hydrogen it woul^ 
coutain would weigh about 113 pounds, and 
weight of the air it would displace would be aboul 
1,C20 pomida. The total available lifting powei 
would be alK)ut 1,000 pounds. If a long-distance 1 
journey is to be undertaken at a comparatively low J 
level, this will he aufScient to carry the necessa^i 
ballast, and a few passengers. If, however, it is in-ij 
tended to rise to a great height, the problem is di&a 
ferent. The weight of the air, and consequently i 
lifting pressure, decreases as we go upwards. If t 
balloon has not been entirely filled, the gaa will ex-l 
pand as the pressure is reduced in the higher altt-J 
tilde. This has the effect of carrying the baIlooB:3 
higher, lleating of the contained gaa by the sun wiKl 
also cause a rise. On the other hand, the diffusioal 
of the gaa through the envelope into the air, and t 
penetration of air into the gas bag will produce cj 
niistiire heavier than hydrogen, and will cause i 
balloon to descend. The extreme cold of the upi 
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r lias tlie same effect, as it tends to condense to a 
smaller bulk the gaa in the balloon. To chcpk a 
dt^acent the load carried hj the gas must be lightened 
by throwing out some uf the ballast, which is carried 
simply for this purpose. Finally a level is reached 
where equilibrium is established, and above which 
it is impossible to rise. 

The earliest recorded ascent of a balloon is cred- 
ited to the Chinese, ou the occasion o£ the corona- 
tion of the Emperor Fo-Kien at Pekin in the year 
1306. If this may be called historical, it gives evi- 
dence also that it speedily became a lost art. The 
next really historic record belongs in the latter part 

1 of the seventeenth century, when Cyrano de Bergerac 
attempted to fly with the aid of hags of air attached 
to his person, ex[jecting them to be so expanded by 
the heat of the sun as to rise with sufficient force to 

I lift him. He did not aiiccoed, but his idea is plainly 

I the forerunner of the hot-air balloon. 

In the same century Francisco de Lana, who was 

, clearly a man of much intelligence and keen reason- 
ing ability, having determined by experiment that tJie 

I atmosphere had weight, decided that he would be able 

L to rise into the air in a ship lifted by four metal 
ifaeiea 20 feet in diameter from which the air had 
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his .ff.-r 
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Aflor scvonil failiirps he abani 
I iijiiiii the I'elijriiin^ j^uhikJs that the ' 
(lonbrloss ilid not approve 



iii'h an over- 
turning in the affairs I'f mankind aa wonid follow 
the attainment of the art of tiyiug. 

In 1757, (Julen, a Frcncli monk, pnhliyhcd a hook, 
" The Art of Xflvif^ating in the Air," in which he 
advocated filling the Uiiiy of tiic aii-sliip with air 
aectiri'd at a groat height ahf)ve tin? sea-level, where 
it was " a tlionaand times lighter than water." He. 
showed by mathematical computations tijat the up' 
ward impulse of this air would be sufficient to lift a 
heavy load. lie planned in detail a great airship to 
carry 4,000,000 persons and several million pack* 
ages of goods. Though it may have accomplished 
nothing more, this book is believed to have been the 
chief source of inspiration to the Montgoliiers, 

The discovery of hydrogen by Cavendish in 1776 
gave Dr. RIack the opportnnity of suggesting that it 
be used to inflate a large bag and so lift a heavy load 
into the air. Although he made no attempt to con- 
stnict stich an apparatus, he afterward claimed that 
through this suggestion he was entitled to be called 
the real investor of the balloon. 

This is the meagre historical record preeeding tl 
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arhievenicnts i-i (lio brothors Slo|ilicri iind -Insppk 
Moutgiilfipr. wliii'li marked disf.iuclly t.he bpgiiiniiig 
of praclical aenniatilii.-s. Bolh of these men were 
highly ethicated, and they were exj*ricnced workers 
in their father's paper fapforv. .Toseph had made i 
some paraclnife drojja from the roof of his house f 
early as 1771. 

After iiiauy cspcriinerils with Mlriini. sinnkc. iind 
hydrogen pas, with wliidi they tried iiit'tfeciiiiiHy to 
inflatE! large paper hags, they fiually succeeded with 
heated air, and nn June 5, 17S3, they sent up a 
great pajicr liot-air balhion, ii~> feet in diaineler. 
It rose to a height of l.noo feet, hut soon eaiiie to 
earth again upon cooling. It ap|x;ar8 that the Moiit- 
golfiers were wholly ignorant of the fact that it 
was the rarefying of the air hy heating that eaiised 
their balloon to rise, and they made iio attempt 
to keep it hot while the balloon was in Ihc air. 

About the same time the French scientist, M. 
Charles, decided that hydrcjgeu gas would be hetler 
than hot air to inflate halKiona, Finding that thia 
gaa passed readily through paper, he used silk coated 
with a varnish made hy dissolving ruhber. His bal- 
loon was 13 feet in diameter, and weighed about 
20 pounds. It was aent up from the Champ de 
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Mora on August 29, 1783, amidst tlio booming 
cannon, in the ]irpsonce of 300,000 BiH'ctators h 
aasenihlpd despite a heavy rain. It rose swiftly, di 
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unforeseen result. It fell in a rural region near Paris, 
where it waa totally destroyed by the inhabilanta, who 

I believed it to !« some hideous form of the devil. 
The Montgolfiers had already come to Paris, and 
had constructed a balloon of linen and paper. Bc- 

I fore they had opiwrtiinity of sending it tip it was 
ruined by a rainstorm with a high wind. They im- 
mediately built another of waterproof linen which 
made a successful ascension on September ID, 1783, 
taking as passengers a sheep, a cock, and a duck. 
The balloon came safely to earth after being up eight 
minutefr — ^falling in consequeaee of a leak in the air- 
bag near tiie top. The passengers were examined 
with great interest The sheep and the duck seemed 
in the same excellent condition as when they went 
up, but the cock was evidently ailing, A consnlta- 
tion of scientists was held and it was the consensus 
of opinion that the fowl could not endure breathing 
the rarer air of the high altitude. At this juncture 
some one discovered that the cook had been trodden 
upon by the sheep, and the consultation closed 
abruptly. 

The Montgolfier brothers were loaded with hon- 
ors, Stephen receiving the larger portion; and the 
people of Paris entered enthusiastically into the sport 
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o{ making and flying small Walloons of the MontH 
golfier type. 

Stephen began work at onre upon a hirger baUoovl 
intended lo carry human passengers. It was fifl 
feet in Hiameter, nnd 85 feet high, willi a t 
of 100,000 cubic feet. The car for I he passcngi 
was swung below from cords in the fashion that lioi 
since become so familiar. 

In the meantime Pilalre de Rozier had coiiatnicte 
a balloon on the hot-air principle, but with an afl 
rangemcnt to keep the air heated by a continuouw 
fire in a pan under the mouth of the balloon. IT^ 
made tlie first balloon ascent on record on Octob( 
15, 1783, rising to u height of eighty feet, in the capf> 
tive biillorm. On November 21, in the same year, i 
Rozicr undertook an expedition in a free balloon witK 
the Marquis d'Arlandcs as a companion. The expetiJ 
nient was to have been made with two cmdeinnec 
criminals, but de Rozicr and d'Arlandea succeeded i 
obtaining the King's j ormisaion to make the attempt^ 
and in consequence their names remain as those ( 
the first aeronauts. They came safely to the grouiu 
after a voyage lasting twenty-five minutes. Aftej 
this, ascensions speedily became a recognized sport 
even for ladies. 
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The greatest altitude rpiwhed bv lliese hot-iiiv bal- 
loons was about fl,000 feet. 

Tbe grpat danger from fire, liowever, led to the 




closer cuusiderKliiin of the hydrogen balloon of Pro- 
fessor Charles, who was building one of 30 feet iH- 
ameter for the atudv of atmosplieric phenomena. His 
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mastery of the subject is shown by the fact that his 
balloon was equipped with almost every device after- 
ward in use by the most experienced aeronauts. He 
invented tlie valve at the top of the bag for allowing 
the escape of gas in landing, the open neck to permit 
expansion, the network of cords to support the car, 
the grapnel for anchoring, and the use of a small 
pilot balloon to test the air-currents before the ascen- 
sion. He also devised a barometer bv which he was 
able to measure tlie altitude reached by the pressure 
of the atmosphere. 

To provide the hydrogen gas required he used the 
chemical metliod of pouring dilute sulpliuric acid on 
iron filings. The process was so slow that it took 
continuous action for three days and throe nights to 
secure the 14,000 cubic feot needed, but his balloon 
was finally ready on Dweniber 1, 1783. One of the 
brothers Kobert accompanied Charles, and they trav- 
elled about 40 miles in a little loss than 4 hours, 
alighting at Xesles. Hero Kolx'rt landed and Charles 
continued the voyage alone. XoglootiTig to take on 
board ballast to replace the weight of ^[. "Robert, 
Charles was carried to a great height, aud suffered 
severely from cold and the difficulty of breathing in 
the highly rarefied air. He was obliged to oj)en his 
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gas valve and descenil iiftrr iialf an hour's flight 
alone. 

Blanchard, another French inventor, about thia 
time constructed a balloon wilh the intention of being 
the first to cross the English Channel in the air. 
He took his balloon to Dover and with Dr. Jeffries, 
an American, started on Jannarv 7, 1785. Hia bal- 
loon was leaky and he had Iniided it down with n lot 
of useless iLings in the wny i.\i oara, provisions, and 
other things. All of ihia material and the buUast 
had to be ihrown overboard at the outset, and books 
and parts of the balloon followed. Even their cloth- 
ing had lo lie thrown over to keep the balloon out of 
the sea, and at last, when Dr. JctFrics had deter- 
mined to jump out to enable his friend to reach (he 
shore, nn upward current of wind caught them and 
with great difficulty they landed near Calais, The 
feat was highly lauded and a monument in marble 
was erected on the spot to perpetuate the record of 
the achievement. 

De Rozicr lost his life soon after in the effort to 
duplicate this trip across the Channel with hia com- 
bination liydrogen and hot-air balloon. His idea seems 
to have been that be could preserve iLe buoyancy of 
[ hU double balloon by heating up the air balloon nt iu- 
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tcrvals. Unfortunately, the exuding of tlie hydrogen 
3 ibe balloons rose fomied an esplofiive mixtnre with 
the air be was rising tbrongh, and it was drawn to 
his furnace, nnd nu explosion look jilat-e wbieh blew 
the entire apparatus into fragments at on altitude of 

' over 1,000 feet. 

Count Zambeccari, an Italian, attempted to im- 
prove the de Rozier metbod of firing a balloon by suV 

I Btituting a large alcohol lamp for the wood fire. In 

I the first two trial trips be fell into the sea, but was 
rescued. On Ihe third trip Lis balloon was swept 
into a tree, and the overturned lamp set it on fire. 
To escape being burned, he threw himself from the 
balloon and was killed by the fall. 

The year before these feats on the Continent two 
notable balloon ascensions had taken place in Eng- 
land, On August 27, 1784, an aeronaut by the name 
of Tytler made tbe first balloon voyage within the 

' boundaries of Great Britain. His balloon was of 
linen and vomisbed, nnd the record of his ascension 
indicates that he used hydrogen gas to inflate it. 
He soared to a great height, and descended safely. 
A few weeks later, tbe Italian aeronaut Limardi 
made his first ascent from London. The spectacle 
drew the King and hia councillors from their delib- 
18 



erations, dud the balloon was watched until it disap- 
peared, lie landed ia Standon, near Ware, where 
a stone was set to record the event. On October 12, 
he made his famous voyage from Edinburgh over the 
Firth of Forth to Ceres; a distance of 46 miles in 
35 minutes, or at the rate of nearly 79 miles per 
hour; a speed rarely equalled by the swiftest railroad 
trains. 

From this time on balloons multiplied rapidly and 
the ascents were too numerous for recording in these 
pages. The few which have been selected for men- 
tion are notable either for the great distances trav- 
ersed, or for the speed with which the journeys were 
made. It should he borne in mind that the fastest 
method of land travel in the early part of the period 
covered was by stage coach ; and the sailing ship was 
the only means of crossing the water. It ia no won- 
der that often the people among whom the aeronauts 
landed on a balloon voyage refused to believe the 
statements made as to the distance they had come, 
and the marvellously short time it had taken. And 
even as compared with the most rapid transit of the 
present day, the speeds attained in many cases have 
never been equalled, 

A remarkable English voyage was made in June, 
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1802, by the French aeronaut Garnmn and Captain 
Snowdon. They ascended from Clielsea Gardeua and 
landed in Colchester, 60 miles distant, in 45 min- 
utes: an average speed of 80 milea an hour. 

Oil Deceinher IB, 1804, Garnorin ascended from 
the square in front of Notre Dame, Paris; passing 
over France and into Italy, sailing above St. Peter's 
at Rome, and the Vatican, and descending into Lake 
Eracoiano — a distance of 800 railee in 20 hours. 
This voyage waa made as a part of the coronation 
ceremonies of Napoleoi I. The balloon was after- 
wards hung up in a corridor of the Vatican. 

On Octolter 7, 1811, Sadler and Bnrcham voyaged 
from Birmingham to Boston (England), 112 miles 
in 1 hour 40 minutes, a speed of fi7 miles pt'r hour. 

On November 17, 1836, Charles Green and Monck 
Mason started on a voyage in the great balloon of the 
Vaiixhall Gardens. It was pear-shaped, 60 feet 
high and 50 feet in diameter, and held 85,000 cubic 
feet of gas. It waa cut loose at half-past one in the 
afternoon, and in 3 hours had reached the Eng- 
li&h Channel, and in 1 hour more had crossed it, 
and was nearly over Calais. During the night it 
boated on over Erance in pitchy darkness and such 
intense cold that the oil was frozen. In the morn- 
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ing the aeronauts (descended a few miles from Weil- 
biirg, in the Diiclij of Nassau, having travelled about 
500 inilfs in 18 hours. At that date, by the fast- 
eat coaches the trip would have consumed three 
<hi_vs. The balloon was rechristened " The Great 
IJiillmiu of Xasaau " by the enthusiastic citizens of 
Weilbnrg. 

In lS4tt, M. Arban crosscl the Alps in a balloon. 
starting at Marseilles and landing at Turin — a dis- 
tance of 400 miles in S hours. This romarkable rec- 
ord for so long a distance at a high speed has rarely 
been e(]ualled. It was exceeded as to distance at llie 
aanip sjieed by the American aeronaut, John Wise, in 

One of llie most famous balloons of recent llnica 
WHS the " (Jeiint," huilt by M, Nadar, in Paris, in 
1853. The immense gas-bag was made of silk of the 
finest quality costing at that time about $1.30 a yard, 
and being made double, it required 32,000 yards. It 
had a capacity of 215,000 cubic feet of gas, and lifted 
4^ tona. The car was 13 feet square, and had an 
upper deck which was open. On its first naceiit it 
carried Ifi passengers, iuchidiug M. Nadar as cap- 
tain, and the brothers Godard as lieutenants. A few 
veeka later this balloon waa set free for a long-dis- 
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tance joiirney, and 17 hours after it left Paris ifcj 
landed at Nicnlnirg in Hanover, having traverse^J 
750 miles, a part of tbo time at the speed of fiillyfl 
90 miles per hour. 

In July, 1859, John Wise, an American aeronaut,J 
journeyed from St. Louis, Mo,, to Ileiiderson, N. Y.„' 
a distance of 950 miles in 19 hours. His average | 
speed was 50 miles per hour. This record for dura- 
tion at so high a rate of speed has never heen ex- 
ceeded. 

During the siege of Paris in 1870, seventy-three ' 
balloons were sent out from that city carrying mail 
and dispalehes. These were under Government di- ! 
rection, and receive nutioe in a snhsequent chapter 
devoted to Military Aeronautics. One of these bal- 
loons is entitled to mention among those- famous for 
rapid journeys, having travelled to the Zuyder Zee, a 
distance of 285 miles, in 3 hours — an average speed 
of 95 miles per hour. Another of these postal bal- I 
loons belongs in the e.\trerno long-distance class, hav^ 
ing come down in Norway nearly 1,000 miles from 
Paris, 

In July, 1897, the Arctic explorer Andree started 
on his voyage to the Pole. As some of his instra- 
ments Lave been recently recovered from a wander* 1 
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ing band of Esquimaux, it is believed that a record 
of hia voyage may yet be secured. 

In the same year a balloon under the command of 
Godard ascended at Leipsic, and after a wandering 
journey in an irregular course, descended at Wilna. 
The distance travelled was estimated at 1,032 miles, 
hut as balloon records are always based on the air- 
line distance between the places of ascent and descent, 
this record has not been accepted as authoritative. 
The time consumed was 24^ hours. 

In 189!), Captain von Sigsfiehl, Captain Hilde- 
brandt, and a companion started from Berlin in a 
wind so strong that it prevented the taking on of an 
adequate load of ballast. They rose into a gale, and 
in two hours were over Brealau, having made the 
distance at a speed of 92 miles per hour. In the 
grasp of the storm they continued their swift jour- 
ney, landing finally high up in the snows of the 
Carpathian Alps in Austria. They were arrested 
by the local authorities as Russian spies, but suc- 
ceeded in gaining their liberty by telegraphing to an 
official more closely in touch with the aeronautics of 
the day. 

In 1900 there were several balloon voyages not- 
able for tlieir length. Jacques Balsan travelled from 




iS»^ 



^gs^^ 



I 

I 




b Cuiwll nnd G I nit-he r mulu 



^'incennes to Dantzig, T.'iT miles; Count rie la Vaulx 
jonme^-ed from VincDnnes to Poland, 706 miles; 
Jacques Faure from Vitieeiines to Mamlitv, 753 
miles. In a BulisoqiiGiit voyage Jacques Balsan trav- 

\ died from Vincennea to Rodoin, in Russia, 843 miles, 

, in 27^ hours. 

One of tlio longest balloon voyages on record in 

' point of time consumed is lliat of Dr. Wegener of the 

' Obaervatorv at Lindcnijcrg, in l'J05. lie roiiiainpd 
in the air for 52^ hours. 

The longest voyage, as to diatanec, up to IDID, 

I was that of Coimt dc La Vanlx and Count Castillon 
de Saint Victor in 1006, in the balloon " Centaur." 
This was a comparatively small balloon^ having a 
capacity of only 5.1,000 cubic feet of gas. The start 
was made from Vincennes on Octoljcr Itlh, and tho 
landing at Korostischeff, in Russia, on October ll(h. 
The air-line distance travelled was 1,193 miles, in 
353 hours. The balloon " Centaur " was afterward 
purchased by the Aero Club of America, and has 
made many voyages in this country. 

The Federation Aeronaiitique Internationale, an 
association of the aeronauts of all nations, was 
founded in 1!I05. One of its functions is an annual 
balloon race for the International Challenge Cup, 
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preseDted to the association by James Gordon Ben-I 
nett, to bo au object for competition until won three ^ 
times by some one competing national club. 

The first contest took place in September, 1906, 
and was won by the American competitor, Lieut. J 
Frank P. Lahm, with a voyage of 40^ miles. 

The second contest was from St. Louis, Mo., ial 
1907. There were three German, two French, one I 
English, and tliree American competitors. The race J 
was won by Oscar Erbsloh, one of the German com-J 

titers, with an air-liue voyage of 872^ miles, land' 
ing at Bradley Beach, N, J. Alfred Leblane, now ' 
a prominent aviator, was second with a voyage of 
867 miles, made in 44 hours. He also landed in New | 
Jersey. 

The third race started at Berlin in October, 1908, \ 
and was won by the Swiss balloon " Helvetia," pi- I 
loted by Colonel Schaeck, which landed in Nor- 
way after having been 74 hours in the air, and 
covering a journey of 750 miles. This broke the 
previous duration record made by Dr. Wegener ia 
1905. 

The fourth contest began on October 3, 1909, &om 
Zurich, Switzerland. There were seventeen eompefc- ■ 
ing balloons, and the race was won by E. W. Mix,^ 
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representing the Aoro Club of America, with a voy- 
age of 58!) niilea. 

The fiftli contest began at St. Louisj October 17, 
1910. It was won by Alan P. Ilawley and Atiguatns 
Post, with the " iVinerica II," They travelled 1,355 
miles in 46 hours, making a new world's record for 
distance. 

Among other notable voyages may be mentioned 
that of the " Fielding" in a race on .Tiily 4, 1908, 
from Chicago. The landing was made at West 
Sbefford, Quebec, the dititance travelled being 895 
miles. 

In November of the same year A, E. Gaudron, 
Captain Maitland, and C C. Turner, made the long- 
est voyage on record from England. They landed at 
Mateki Derevni, in Russia, having travelled 1,117 
miles in 31J hours. They were driven down to the 
ground by a Bevere snowslorm. 

On December 31, I'JOK M. Usuelli, in the balloon 
" Ruwenzori " left the Italian lakes and passed over 
the Alps at a height of 14,750 feet, landing In 
France. This feat was followed a few weeks later — 
February 9, 11)09— by Oscar Erbsloh, who left St. 
Moritz with three passengers, crossing the Alps at an 
altitude of 19,000 feet, and landed at Budapest after 
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a voyage of 33 hours, ilanv voyngps over ami mnoiii; 
tlie Alps liave beou made hy Captain Sj)plterini, the 
Swiss aeronaut, and lie liaa secured some of the most 
remarkable pliotograplis of the mountain scenery in 
passing'. In these voyages at such great altitudes it 
18 newaeary to carry cylinders of oxygen to provide 
a suitable air mixture for hrenthing. In one. of his 
recent voyages Caplain S|*ell:crini liail the good for- 
tune to be carried almost over the summit of Mont 
Blanc, He ascended with three passengers at Cha- 
mounix, aud landed at Lake Magginrc sevcu hours 
later, having readied the altitude of 18,700 feet, and 
travelled 93 miles. 

In the United States there were several balloon 
races during the year 1909, the most important being 
the St. Louis Centennial race, beginning on October 
4th. Ton balloons started. The race was won by 
S. von I'biil, who covered the distance of SoO miles 
in 40 hours 40 minutes. Clifford B. Harmon and 
Augustus Post in the balloon " New York " made 
a new duration record for America of 48 hours 26 
minutes. They also reached the highest altitude at- 
tained by an American balloon — 24,200 feet. 

On October 12th, in a race for the Lahm cup, A. 
Holland Forbes and Col. Alax Pleisclunan won. 
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They left St. Louis. Ma, and Itmiic'd IVI hours i 
15 minutes later at Beach, Va., near Kichmond, hav^ 
ing travelled 697 miles. 

In 1910, in the United States, a remarkable race,i 
with thirteen competitors, started at Indianapolis. J 
This was the elimination race for the International] 
race on October 17th. It was won by Alan P. Haw- J 
ley and Augustus Post in the balloon " America IL** 
They crossed the Alleghany Mountains at an eleva- 
tion of about 20,000 feet, and landed at Warrenton, 
Va., after being 44 hours 30 minutes in the air; 
and descended only to escape being carried out over i 
Chesapeake Bay. 

In recent years the greatest height reached by « 1 
balloon was attained by the Italian aeronauts Pia-, 
cenza and Mina in the " Albatross," on August 9, , 
1909, They went up from Turin to the altitude of i 
30,350 feet. The world's height record rests with J 
Professors Berson and Suring of Berlin, who on jj 
July 31, 1901, reached 35,500 feet. The record of j 
37,000 feet claimed by Glaisher and Cox^vell in their I 
ascension on September 5, 1S62, has been rejected as | 
not authentic for several diserepaneies in their obser- j 
vetioQS, and on the ground that their instrumentfl J 
were not of the highest reliability. As they cairiedJ 
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no oxygen, and reported that for a time they were 
both iinconscioiis, it is eatiniated that the liighest 
point they couM have reached under the conditions 
was less than 31,000 feet. 

The greatest speed ever recorded for any halloon 
voyage was that of Captain von Sigsfield and Br. 
Linke in their fatal journey from Berlin to Antwerp, 
during which the velocity of 1 25 miles per hour was 
recorded. 

Ballooning as a sport has a fascination all its own. 
There is much of the apiee of adventure in the fact 
that one's destiny is quite imknown. Floating with 
the wind, there is no consciousness of motion. 
Though the wind may be travelling at great speed, 
the balloon seems to he in a complete calm. A lady 
passenger, writing of a recent trip, has tlius described 
her experience: — " The world continues slowly to un- 
roll itself in ever-varying hut ever-beautiful pano- 
rama — patchwork fields, shimmering silver streaks, 
toy box churches and houses, and white roads like the 
joints of a jig-saw pui^zle. And presently cotton-wool 
billows come creeping up. with pnrple shadows and 
fleecy outlines and prismatic rainbow effects. Some- 
times they invade the car, and shroud it for a while 
in clinging warm white wreaths, and anon they fall 
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below and shut out tlic wnrli! wifli a jjlnriona fiirtaii 
ami we are all alone iii perfect silence, in perfi 
peace, and in a realm made for us alone. 

" And so tiie happy, restful hours go smoothly by, 
until the eartli has had enongl) of it, and rising up 
more or leas rapidly to invade our solitude, hits the 
bottom of our basket, and we step out, or maybe roll 
out, into every-day existence a hundred miles away." 

The perfect einoothness of motion, the absolute 
quiet, and the absence of distracting apparatus com- 
bine to render balloon voyaging the most delightful 
mode of transit from place to place. Some of the 
most fascinating bits of descriptive writing are those 
of aeronauts. The following quotation from the re- 
port of Capt. A. Hildebrandt, of the baibxm corps 
of the Prussiiin anny, will show that although his 
expeditions were wholly scientific, be was far from 
indifferent to the sublimer influences of nature by 
which he was often surrounded. 

In his account of the journey from Berlin to 
karyd, in Sweden, with Professor Beraon as a com- 
panion aeronaut, he says: " The view over Riigen and 
the chalk cliffs of Stubbeakammer and Arkona was 
splendid : the atmosphere was perfectly clear. On 
the horizon we could see the coasts of Sweden and 
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Denmark, looking almost like a tiiin mist; east and 
west tliere was nothing but the ojien sea. 

" About 3 : 15 the balloon whs in the middle of the 
Baltic; right in the distance we could just see Rii- 
gen and Sweden. The setting of the sun at 4 p.m. 
was a truly magnificent spectacle. At a height of 
5,2S0 feet, in a perfectly clear atmosphere, the effect 
was superb. The blaze of color was dimly reflected 
in the cast by streaks of a bluish-green. I have seen 
sunsets over France at lieighta of 10,000 feet, with 
the Aljts, the Juras, and the Vosges Mountains in 
the distance; Imt this was quite as £ne. 

" The sunsets seen by the mountaineer or the sailor 
are doubtless maguifii-ent; but I hardly think the ' 
epeetacle can be finer than that spread out before the 
gaze of the balloonist. The impression is increased 
' by the absolute stillness which prevails; no sound 
of any kind is beard. 

" As soon as the sun went down, it was necessary 
to tlirow out some ballast, owing to the decrease of 
temperature. . . . We readied the Swedish coast 
about 5 o'clock, and passed over Trelleborg at a 
height of 2,000 feet. The question then arose 
whether to land, or to continue through the night. 
Although it was well past, sunset, there was sufficient 
19 
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light in consequence of the snow to see our way to 
the ground, and to land quite easily. . . . However, 
we wanted to do more meteorological work, and it 
was thought that there was still sufficient ballast to 
take us up to a much greater height. We therefore 
proposed to continue for another sixteen hours dur- 
ing the night, in spite of the cold. , . . Malmo was 
therefore passed on the loft, and the university town 
of Lund on the right. After this the map was of no 
further use, aa it was quite dark and we had no lamp. 
The whole tmtlook was like a transformation scene. 
Floods of light rose up from Trellehorg, Malmo, 
Copenhagen, Landskrona, Lund, Elsinorc, and Ilel- 
singborg, while the little to'wns beneath our feet 
Bparkled with many lights. We were now at a height 
of more than 10,000 feet, and consequently all these 
places were within sight. The glistening effect of 
the snow was heightened by the blaze which poured 
from the lighthouses along the coasts of Sweilcn and 
Denmark. The sight was as wonderful as that of the 
sunset, though of a totally different nature." 

Captain Hildebrandt'a account of the end of this 

voyage illustrates the epice of adventure which is 

likely to be encountered when the balloon comes down 

L in a strange country. It has its hint also of the hard- 
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ahijia for which the venturesome aeronaut h 
prepared. He aays: — 

" Sooner or later the balloon would have been 9,%^ 
the mere^ of the waves. The valve was opened, andi 
the balloon descended through the thick elouda. W^ 
could see nothing, but the little jerka showed na t 
the guide-rope waa touching the ground. In a foi 
seconds we saw the ground, aud learned that ■ 
were descending into a forest which enclosed E 
her of small lakes. At once more ballast was thrc 
out, and we skimmed along over the tmps of the t« 
Soon we cpoaaed a big fake, and saw a place 1 
seemed suitable for a descent- Tlie valve was t 
opened, Imtli of us gave a tug at the ripping oori 
and after a few bumps we found ourselves on 1 
ground. We had come doivn in deej) snow on 1 
aide of a wood, about 14 miles from the railway sta 
tion at Markarjd. 

" We packed up our instruments, and began 1 
look out for a cottage; but this ia not always 1 
easy task in the dead of night in a foreign countr 
However, in n quarter of an hour we found a fan 
and succeeded in rousing the inmates. A much r 
difficult job was to influence tliem to open their f 
door to two men who talked some sort of ( 
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Dutch, am! wli" HiuMenH' appeared at, a farmyani 
miles off the highway in the middle of the night 
and dcinaTided admittance. Berson can talk in six 




languages, hut nnfortimately Swedish is not one of 
tliem. He hegged in the most humble way for shel- 
ter .. . and at the end of three-quarters of an hour 
the farmer opened the door. We showed him some 
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pictures of a Walloon we had with us, and then 
began to understand the situation. We were thi 
ceived with truly Swedish hospitality, and provided 
with supper. They even proposed to let us have their 
beds; but this we naturally declined with mai 
thanks. . . . The yard contained hens, pigs, eowtt,* 
and sheep; but an empty corner was found, which 
was well packed with straw, and served as a couch for 
our tired limbs. We covered ourselves with our great- 
coats, and tried to sleep. But the temperature was 
10° Fahr., and as the place was only an outhouse 
of boards roughly nailed together, and the wii 
whistling through the craeks and crevices, we w 
not sorry when the daylight came." 

I^at the possibility of accident to travellers 
balloon be judged greater than it reiilly is, it raaiy: 
be well to state that records collected in Germany 
1906 showed tliat in 2,061 ascents in which 7,57< 
persons participated, only 36 were injured — or but 
out of 210, Since that time, while the balloon 
has remained practically unchanged, better knowl*; 
edge of atmospheric conditions has aided in creai 
an even more favorable record for recent years. 

That the day of ordinary ballooning has not 
dimmed by the advent of the airship and the 
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plane is evidenced by the recently made estimate that 
not less than 800 spherical balloons are in constant 
use almost daily in one part or another of Christen- 
dom. And it seems entirely reasonable to predict that 
with a better comprehension of the movements of 
air-currents — to which special knowledge the scien- 
tific world is now applying its investigations as never 
before — they will come a great increase of interest in 
simple ballooning as a recreation. 



Chapter XIV. 

BALLOONS: THE DIRIGIBLE. 

ElongalioD tit gas-bag — Krisson — MeiiHnicr — Air-liallonnels- 
Scott— (Jiffortl— HapDlein— Tissandier— RpnanI and Krul 
— Schwarlst — SBntos-Diinionl^Von ZeppcMu — Roze— Sevc- 
ro — Bradsky-Lebouo— TLe Lebaiidy dirigible— Zeppelin 11 
— Parfwva] I — Unegiial wind pressures — Zeppelin 111 — 
Nalli SecunduB— La Patrie— V ill Mie-raris— Zeppelin IV — 
Oroas I — Parseval 11 — Clemen I -Bayard I — Ricardoni's air- 
ship— Gross II — The new Zeppelin II — I.a Republique — 
Tbe German fleet of dirigibles— Pa rseval V — The DeutHch- 
land— The Erbsloli— Urosn 111— Zepiieliii VI— The America 
— Clement -Bayard III — The Caparoa lenticular dirigible. 

THE dirigible balloon, or airship, is built on the 
fiame general principles aa the ordinary bal- 
loon- — that is, with the envelope to contain tbe lift- 
ing gaa, the ear to carry the load, and the suspending 
cordage — but to this is added some form of propel- 
ling power to enable it to make headway against the 
wind, and a rudder for steering it. 

Almost from the very beginning of ballooning, 
some method of directing the balloon to a pre-deter- 
niined goal bad been sought by inventors. Drift- 
ing at tbe fickle pleasure of the prevailing wind 
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(lid not acwird with man's desire for authority and 
control. 

The first step in this direction was the change 
from the spherical form of the gas-bag to an elon- 
gated shape, the round form having an inclination to 
turn round and round in the air while floating, and 
having no bow-and-atem structure iipon which steer- 
ing devices could operate. The first known proposal 
in this direction was made by Brisson, a French sci- 
entist, who siiggestcd building the gas-bag in the 
shape of a horizontal cylinder with conical ends, its 
length to be five or six times its diameter. His idea 
for its propulsion was the employment of large- 
bladed oars, but he rightly doubted whether human 
strength would prove sufficient to work these rapidly 
enough to give independent motion to the airship. 

About the same time another French inventor had 
actually built a balloon with a gas-bag shaped like 
an egg and placed horizontally with the blunt end 
foremost. The reduction in the resistance of the air 
to this form was so marked that the elongated gas- 
bag quickly displaced the former spherical shape. 
This balloon was held back from travelling at the 
full speed of the wind by the clever device of a rope 
dragging on the ground ; and by a sail rigged so as 
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to act ou the wind which blew paet the retarded! 
balloon, tbe tinvigator was able to steer it withi^l 
certain limits. It was the first dirigible balloon. 

In the same year the brothers Robert, of Paria,J 
built an airship for the Duke of Chartres, under thel 
direction of General Meuanier, a French officer i 
engineers. It was cylindrical, with hemispherical 
ends, 52 feet long and 33 feet in diameter, and con- 
tained 30,000 cubic feet of gas. The gas-bag was 
made double to prevent the escape of the hydrogen, 
which had proved very troublesome in previous bal- 
loons, and it was provided with a spherical air bal- 
loon inside of the gas-bag, which device was expected 
to preserve the form of the balloon unchanged by 
expanding or contracting, according to the rising ( 
falling of the airship. When the asirension was madel 
on July 6, 1784, the air-balloon stuck fast in tbeJ 
neck of the gas-bag, and so prevented the escape o£l 
gas as the hydrogen expanded in the increasing alti-j 
tude. The gas-bag would have burst had not thafl 
Duke drawn his sword and slashed a vent for the 
imprisoned gas. The airship came safely to earth. 

It was General Meusnier who first suggested the 
interior ballonnet of air to preserve the tense outlin^fl 
of the form of the airship, and the elliptical form f 
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the gas-bag was another of Iiia inventions. In tlie 
building of the airship of the Duke de Chartres he 
made the further suggestion that the space between 
the two envelopes be filled with air, and so connected 
with the air-pumps that it could be inflated < 
flated at will. For the motive power he designed 
three screw propellers of one blade each, to be turned 
unceasingly by a crew of eighty men. 

Meusnier was killed in battle in 1793, and aero- 
nautics lost its most able developer at that era. 

In 1780, Hanm Scoft, an r>mf.'r in ihc French 
array, devisni ii li-lj-^liaj"..! iiir-liip with two outside 







balloon-shaped " pockets " ivhich could bo forcibly 
drawn into the body of the airship to increase its 
density, and thus cause its descent. 

It began to he, rcaliKcd that no adequate power ex- 
isted by which balloons could be propotled against 
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even light winds to bucIi a degree that they were 
really controllable, and balloon ascensions came to be , 
merely an adjunct of tbo exhibit of the travelliDg 
showman. For thia reason the early part of the 
nineteenth century seems barren of aeronautical in- 
cident as compared with tbe latter part of the pre- 
ceding century. 

In 1848, Hugh Bell, nn Englishiiinn, built a cylin- 
drical airship with convex pointed ends. It was 55 
feet long and 21 feet in diameter. It bad a keel- 
ahaped framework of tubes to which the long narrow 
car was attached, and there was a screw propeller on 
each side, to be worked by hand, and a rudder to 
Bteer with. It failed to work. l 

In 1852, however, a new era opened for tbe air- i 
ship. Henry Giffard, of Paris, the inventor of the 
world-famed injector for steam boilers, built an ellip- 
tical gas-bag with cigar-shaped ends, 144 feet long, 
and 40 feet in diameter, having a cubic content of 
88,000 cubic feet. The ear was suspended from a ' 
rod 66 feet long which hung from the net covering 
the gas-bag. It was equip}ied with a S-horse-imwer 
steam engine which turned a two-bladed screw pro- 
peller 11 feet in diameter, at tbe rate of 110 revo- 
lutions per minute. Coke was used for fuel. The ; 
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Steering was done with a triangiilar mdder-sail. 
Upon trial on September 24, 1852, the airship 




proved a aiicfess, Iriivc'lling at the rale of nearly 6 
miles an hour. 

Giffard built a second airaliip in 1S55, of a niiu'li 
more elongated ahape — 335 feet long and 33 feet in 
diameter. He used the same engine which propelled 
his first ship. After a succesBfuI trial trip, when 
about to land, the gas-bag unaccountably turned up 
on end, allowing tlie net and car to slide off, and, ris- 
ing slightly in the air, burst Giffard and his com- 
panion escaped unhnrt. 

Giffard afterward built the large captive balloon 
for the London Exhibition in ISGS, and the still 
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larger one for the Paris Exposition in 1878. He 
designed a large airsliip to be fitted with two Ixiil- 
era and a powerful steam-engine, but became blind, 
and died in 1882. 

In 1865, Paul Ilaenlein devised a cigar-shaped 
airship to be inflatcil with coal gas. It was to bo 
propelled by a screw at the front to be driven by a 
gas-engine drawing its fuel from the gas in the body 




of the ship. An interior air-bag was to be expanded 
as the gas was consumed, to keep the shape intact. 
A second propeller revolving horizontally was in- 
tended to raise or lower the ship in the air. 



K A second 
^1 tended to 

■A 
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It was not until 1872 that he finally secured the 

I building of an airship, at Virama, after his plaus. 

It was 164 feet long, and 30 feet in diameter, 

i The form of the gas-bag was that descrilied by the 

' keel of a ship rotated around the centre line of its 

deck as an axis. The engine was of the Lenoir type, 

with four horizontal cylinders, developing alxint 6 

horse-power, and tiimed a propeller about 15 feet 

in diameter at the rate of 40 revolutions per minute. 

The low lifting power of the coal gas with whidi it 

was inflated caused it to float quito near the ground. 

With a consumption of 250 cubic feet of gas per 

hour, it travelled at a spwd of ten miles an hour. 

Tlie lack of funds seems to have prevented further 

experiments with an invention 

which was at least very prom- 

In the same year a dirigi- 
ble balloon built by Dupuy de 
Lome for use by the French 

Government during the siece 

f Bhitabo(IheD«LomBiinhip. ^ ° 

of Paris, was given a trial. 
' It was driven by a screw proi)eller turned by eight 
I men, and although it was 118 feet long, and 49 
I feet in diameter, it made as good a speed ree- 
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ard as Giffard'a stenm-d riven airship — six miles i 
hour. 

In 1881, tbe brolliprs Albert and Gaston Tissai 
dier txhlbiU'd ;fl l!i.' El.'ctrif;il Exbibilion in Paril 




I 



a model of an electrically driven airship, originall; 
designed to establish communication with Pans dur- 
ing the siege of the Franco-Pnisaian War. In 18S3, 
the airship built after this model was trie3. It was f 
y2 feet long, and 30 feet at its largest diamet 
The motive power was a Siemens motor run by ! 
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bithronijite cells uf 17 Iba. each. At full speed the 
motor made 180 revolutions per minute, developing 
Ij horse-power. The pull was 26 lbs. The pro- 
peller was feet in diameter, and a speed of a little 
more than ti miles an hour was attained. 

In 1884, two French army engineers, Renard 
and Krebs, built an airship, the now historic La 




France, with the shape of a submarine torpedo. It 
was 165 feet long and about 27 feet in diameter at 
the largest part. It had a gas content of 66,000 
cubic feet A 9 horse-power Gramme electric motor 
was installed, driven by a storage battery. This 
operated the screw propeller 20 feet in diameter, 
which was placed at the forward end of the long car. 
The trial was made on the 9th of August, and was 
a complete success. The ship was sailed with the 
wind for about 2^ miles, and then turned about 
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made its way haL-k against the wind till it stood di- 
rectly over its starling point, and waa drawn down I 
to the ground by its anchor ropes. The trip of about | 
'» miles was made in 23 minutes. In seven voyages 1 
undertaken the airship was steered back safely to its I 
starting point five times. 

This first airship which really deserved the name I 
marked an era in the development of this type of 1 
aircraft. In view of its complete success it is as- 
tonishing thai nothing further was done in this line 
in France for fifteen years, when Santos-Dumont be- , 
gan his aeries of record-making flights. Within thia 
period, however, the gasoline motor had been adapted 
to the needs of the aittomobile, and thua a new and 
light-weight engine, suitable in every respect, bad 
been placed within tlie reach of aeronauts. 

In the meantime, a new idea had l)een brought to 
tlie stage of actual trial. In 1893, in St. Petersburg, 
David Schwartz built a rigid airship, the gas recep- 
tacle of which was sheet aluminum. It was braced 
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I tubes, but while Ijcing inflated the in- 



terior work was so badly broken that it was abfln- 



doi 



Schwartz made a 
1897. The airship w 



second attemot 
us safely inf ated, 



and managed 
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to bold its position against a wind blowing 17 niilea J 

an hour, but could not make headway against it; ! 

After the gas had been withdrawn, and before it ■] 

be pnt under shelter, a severe windstorm dam-' 




ajred it, and the mob of spectators siwedily demol- 
ished it in the craze for souvenirs of the occasion. 

In 18118, the yonng Brazilian, Santos-Diitnont, 1 
came to Paris imbued with aeronautic zeal, and de* 1 
terminfd to build a dirigible balloon that would sur- I 
pass the former achievements of Giffard and Re- 1 
nard, which be felt confident were but Lints of what I 
might be act'omplished by that type of airship. He J 
began the conslruction of the series of dirigible bal- 
loons which eventually numbered 12. each successive 
one being an improvement on the preceding. 
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made use of the air-bag siigguHtcd by Meiisnier f"r 
the balloon of the Duke of Chartrea in 1784, al- 
though in an original way, at first using a pneumatic 
pump to inflate it, and later a rotatory fan. Neither 
prevented the gas-bag from " buckling" and cominp 




down with consequences more or lesa serious to the 
airship — but Santos-Dumont himself always escaped 
injury. His own record of his voyages in his book, 
My Air-Sliips, gives a more detailed account of his 
contrivances and inventions than can be permitted 
here. If Santos-Dumont did not greatly surpass his 
predecessors, he Is at least to be credited witii an en- 
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thuaiasra wliu-h aroused tlic interest of the whole 
world m the problems of aeronautics; and his later 
achievements in the building and flying of aeroplanes 
give him a imii|ue place in the history of inan's con- 
quest of the air. 

In ISOO, Count von Zeppelin's great airship, which 
had been building for nearly two years, was ready 
for trial. It had the form of a prism of 24 sides, 
with the ends arching to a blunt point. It was 420 
feet long, and 38 feet in diameter. The structure 
was rigid, of aluminum lattice work, divided into 
17 couipartuicnta, each of which had a separate gas- 
bag shaped to fit its compartment. Over ail was 
an outer envelope of linen and silk treated with 
pegamoid. A triangular keel of aluminum lattice 
strengthened the whole, and there were two cars of 
aluminum attached to the keel. Each car held a 
1(1 horae-power Daimler gasoline motor, operating 
two four-bladed screw propellers which were rigidly j 
connected with the frame of the ship a little below ' 
the level of its axis, A sliding weight was run to 
either end of the keel as might be required to de- 
press the head or tail, in order to rise or fall in the 
air. The cars were in the shape of boats, and the 



ship V 



\ floating shed on th^ Lake of Coq.* 
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stance near Friedrichaliafen. At tlic trial the i 
ship was Hoated out on the lake, the car-boats resting J 
on the water. Several accidents happened, ao that | 
though the ship got up into the air it eoidd not bo I 
managed, and was brought down to the water again I 
without injury. In a second attempt a speed of I 
20 miles an hour was attained. The construction 
was found to be not strong enough for the great 
Icngtij of the body, the envelope of the balloon was 
not sufficiently gas tight, and the engines were not 
powerful enough. But few trips were made in it, 
and they were short. The Count set himself to work 
to raise money to build another ship, which he did 
five years later. 

In 1901, an inventor named I£ozc built an airship 
in Colombo, having two gas envelopes with the en- 
gines and car placed between them. He expected to 
do away with the rolling and pitching of single air- 
ships by the double form, but the ship did not work 
satisfactorily, ascending to harely 60 feet. 

In 1902, Augusto Severo, a Brazilian, arranged 
an airship with the propelling screws at the axis at^A 
the gas-hag, one at each end of the ship. Instead ' 
of 8 rudder, he provided two small propellers to 
work in a vertical piano and swing the ship sidewa^ 
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Soon after ascending it was noticed that the pro- 
pellera were not working properly, and a few mm- 




Blnteh ol Ihe Sever 



ufea later the car was seen to be in flames and the 

balloon exploded. Severo and liis companion Sache 
were killed, falling 1,300 feet. 

In the same year Bftron Bradsky- 
lieboun built an airship with pai^ 
titions in the gas-bag which was 
just large enough to counterbal- 
ance the weight of the ship and 
its oiicratora. It was lifted or low- 
ered by a propeller working hori- 
zontally. Another propeller drove 
the ship forward. Through some 
lack of stability the car turned 

over, throwing out the two aeronauts, who fell 300 

feet and were instantly killed. 
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In 1!)0^, a rtirigiblf Imlln.iii was built for the I 
brothers T^baiidy by the cugineer Jiiillot and theJ 
aeronaut Siircoiif. The gas envelo|K! was madel 
eignr-shajied and fastened rigidly to a rigid ellipticarl 
keel-shaped flixir 70 feet long and 19 feel wide, i 



I 
I 




of steel tubes — the objeirt being to prevent rolling I 
and pitching. It was provided with both horizontal 
and vertical rudders, A 35 horse-power Daimler- 
Mercedes motor was used to tTim two twin-bladed 
screws, each of 9 feet in diameter. Between tfas-j 
25th of October, 1902, and the Slst of November,! 



BALLOONS: THE DIRIGIBLE. 

1903, 33 ex peri men tul voysigps wore made, llic long- 
I est being 61 luiles in 2 Loiiry and 4(i uiinutos; 38.7 




o! the Li^bsudy ni 



miles in 1 hour and 41 mimiteu; 23 miles in 1 hour 
and 36 minutes. 

In 1904 this ship was rebuilt. It was lengthened 
' to 190 f^t and the rear ^d rounded off. Its capac- 
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ity was increased to 94,000 cubic feet, and a new 1 
covering of the yellow calico which had worked aow 
well on the first model was used on the new oo&j 




LebBudy unhip. 



It was coutfd with rubber both on the outside and io-a 
side. The interior air-bag was increased in size to-l 
17,650 cubic feet, and partitioned into thrtee com>-J 
partraents. During 1904 and 1905 30 voyages werel 
made, carrying in all 195 passengers. 

The success of this airship led to n series of trials y 
under the direction of the French army, and in all | 
of these trials it pro\'ed satisfactory. After the 76tk] 
successful voyage it was retired for the winter of J 
J905-6, 
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In November, 1905, the rebuilt Zeppelin airship 
was put upon triaL WTiile superior to the first one, 
it met with serious accident, and was completely 
wrecked by a windstorm in January, 1900. 

In May, 1906, Major von Paraeval'a non-rigid 
airship passed through its first trials successfully. 
This airship may be packed Into small compass for 
transportation, and is especially adapted for mili- 
tary use. In plan it is slightly different from pre- 
vious types, having two air-bags, one in each end 
of tlie envelope, and the front end is hemispherical 
instead of pointed. 

As the airship is designed to force its way through 
the air, instead of floating placidly in it, it is evi- 
dent that it must have a certain tenseness of outline 
in order to retain its shape, and resist being doubled 
up by the resistance it encounters. It is estimated 
that the average velocity of the wind at the elevation 
at which the airship sails is 18 miles per hour. If 
the speed of the ship is to be 20 miles per hour, as 
related to stations on the ground, and if it is obliged 
to sail against the wind, it is plain that the wind 
pressure which it is compelled to meet is 38 miles 
per hour— a gale of no mean proportions. When the 
large expanse of the great gas-bags is taken into con- 
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eiderfttion, it is evident tbat ordinary balloon < 
struction is not sufficient. 

Attein]its have been made to meet the outside pre 
aiiro from the wind and air-resistance by produclc 
mechanically a co unter- press iin? from the iuaideb 
Air-haga are placed inside the cavity of the gas-bi 
usuully one near each end of the airship, and tbesal 
are inflated by pumping air into them nndei 
sure. In this way an outward pressure of as muclL 
as 7 lbs. to the square f'X)t may be produced, eqnira'l 
lent to Ibe resistance of air at a speed (either of thdJ 
wind, or of tbe airship, or of both combined) of 4ftj 
miles per hour. It is evident, however, that tl 
sure upon the front end of an airaliip making head-J 
way against a strong wind will bo miicli greater tliauil 
the pressure at the rear end, or even than that s 
ships. It was this uneven pressure u(M)n Ibe outside 
of the gas-bag that doubled up tbe first two airshipA'l 
of Santos-Dura on t, and led him to increase the pro-1 
portional girth at the araidship section in his later] 
dirigibles. The great difficulty of adjusting these 1 
varj'ing j)reBsure3 warrants the adherence of CoQUk 1 
von Zeppelin to his design with the rigid structure | 
and metallic sheathing. 

Tbe loss of the second Zeppelin airship so di*--! 



ooiirnged its (iesigiicr that he decided to withdraw | 
from further aeronautical work. But the Germ 
Government prevailed on him to continue, and byJ 
October, 1006, he had the Zeppelin III in the air. \ 
This airship was larger than Zeppelin II in both ' 
length and diameter, and held 135,000 cubic feet i 
more of ga6. The motive power was supplied by two J 
gasoline motors, each of 85 horse-power. The gas] 
envelope had 16 sides, instead of 24, as in the earlier < 
ship. At its trial the Zeppelin III proved highly 
successful. It made a trip of 69 miles, with 11 pas- 
sengers, in 2{ hours- — a speed of about 30 miles an 
hour. 

The German Government now made an offer of ', 
$500,000 for an airship which would remain con- > 
tinuously in the air for 24 hours, and be able to land 
safely. Count von Zeppelin immediately began work 
upon his No. IV, in the effort to meet these require- 
ments, in the meantime continuing trips with lSo.d 
III. The most remarkable of these trips was medel 
in Septemlxsr, 1007, a journey of 211 miles in 9j 
hours. 

In October, 1907, the English airship " NuUi Se-«J 
cundus " was given its first trial. The gas envelope 1 
had been made of goldbeater's skins, which are coot'J 
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sidered impermeable to the contained gaa, but are 
very expensive. This airsliip was o£ the Don-rigid 
tjpe. It made the trip from Aldershot to London, a 
distance of 50 miles, in 3^ hours — an apparent speed 
of 14 miles per hour, lacking information as to the 
aid or hindrance of the prevailing wind. Several 
other trials were made, but with small success. 

The offer of the German Govermnent had stimu- 
lated other German builders besides Count von Zep- 
pelin, and on October 28, 1907, the Parseval I, 
which had been improved, and the new Gross dirig- 
ible, competed for the government prize, at Berlin. 
The Parseval kept afloat for 6J hours, and the Gross 
for 8 J hours. 

Meanwhile, in France, the Lebaudys had been 
building a new airship which was named " La Pa- 
trie.*' It was 197 feet long and 34 feet in diameter. 
In a trial for altitude it was driven to an elevation 
of 4,300 feet On November 23, lOO", the "Pa- 
trie " set out from Paris for Verdun, a distance of 
146 miles. The journey was made in G^ hours, at 
an average speed of 2S miles per hour, and the fuel 
carried was sufficient to have continued the journey 
50 miles further. Soon after reaching Verdun a 
severe gale tore the airship away from the regiment 
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of soldiers detailed lo assist the anchors in holding'^ 
it down, and it disnppcarod into the clonda. It iafl 
known to have passed over England, for parts of its ] 
machinery were picked up at several points, and I 
some days later the gas-hag was seen floating in the 1 
North Sea. 

Following close upon tlie ill-fated " Pa trie " eamo I 
the " Ville-do-Paris," a dirigible which had beeall 




built by Surcouf tor .M. Henri Dentsch de ls| 
lleurthe, an eminent patron o£ aeronautic experi- 
ments. In size this airship was almost identical with 
the lost " Patrie," but it was quite different in ap- 
pearance. It did not have the flat framework at the 
bottom of the gas envelope, but was entirely round 
in section, and the long car was suspended below. J 
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At the rear the gas-bag waa contracted to a cylindri- 
cal form, and four groups of two biiUonnela each 
were attached to act as stabilizers. It was offered 
by M. de la Meurtlie to the French Governnicnt to 
take the place of the "Patrie" in the army ma- 
nreuvrea at Verdun, and on Jamiary 15, 1908, made 
the trip thither from Paris in about 7 hours. It 
was found that the ballonnets exerted considerable 
drag npon the ship. 

In June, 1908, the great "Zeppelin IV" was 
completed and given its preliminary trials, and on 
July 1 it startetl on its first long journey. Leaving 
Friedriclisbafen, its route was along the northerly 
shore of Lake Constance nearly to Schaffhaueen, 
then southward to and around Lake Lucerne, thence 
northward to Zurich, thence eastward to Lake Con- 
stance, and to its shed at Friedrichshafen. The dis- 
tance traversed was 236 miles, and the time con- 
sumed 12 hours. This voyage without a single mis- 
hap aroused the greatest enthusiasm among the Ger- 
man people. After several short flights, during 
which the King of Wiirttemberg, the Queen, and 
some of the royal princes were passengers, the Zep- 
pelin IV set out on August 4 to win the Government 
reward by making the 24-hour fiight. Sailing east- 
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ward from Friedricbshafen it passed over Bast 
then turning nortliward it followed ihe valley of tlM 
Rhine, passing over Strasburg and Maimbeim, 
tad nearly reached Mayence when a sligbt aecidet 
necessitated a landing. Repairs were made, and tb< 
journey resumed after nightfall. Mayence 
reached at 11 p. m., and the return trip begun. Wl 
passing over Stuttgart, at a. m., a leak waa dis 
ered, and a landing was made at Echterdingen, 
few miles farther ou, Ilore, while repairs were I 
ing made, a sqnnlj stniek tlic airsliip and biinip( 
it Iieavily on the groimd. Some gasoline was spillec 
in some nnknown way, which eaiight fire, anil in ( 
few momenta the great balloon was totally dcstroye^il 
It had been in continuous flight 11 hours up to t 
time of the first landing, and altogether 20| bouTI 
and had travelled 258 miles. 

The German people immediately started a piiU 
subscription to provide Count von Zeppelin with tbi 
funds needed to build another airship, and in a fet 
days the sum of $l,r)00,000 was raisefl and turned 
over to the unfortunate inventor. The " Zeppelin 
Til " was taken in hand, and lengthened, and more 
powerful engines installed. 

The "Gross II" was ready to make its attemptfi 
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tbe Goveniiiient ]irize on September 11, It'OS. In 
sailed from Tegcl to Magdeburg and back to TegeljS 
a (iistuncc of 17(5 miles, in 13 lioura, witboufl 
landing. 

Four days later tbe " Paraeval II " made a trip.! 
between the same points in 11^ boiirs, but cut thefl 
distance travelled down to 157 miles. In October, J 
tbe " Parseval II " was sent up for an altitude test, J 
and rose to a beigbt of 5,000 feet above Tegel, hov-J 
ering over the city for upward of an hour. 

During 1908, an airabip designed by M. Clement^ 
the noted motor-car builder, was being constructe 
in France. It made its first voyage on October 29j| 
carrying seven passengers from Sartrouvillc to Paris j 
and back, at a speed of from 25 to 30 miles i»er Lour. J 
Tbe illustration gives a very good idea of the pecu- 
liar ballonnets attached to the rear end of the gag 
envelope. These ballonnets oiH>n into the large gaa- 
bag, and are practically a part of it. 

In Italy a remarkable dirigible has been built by! 
Captain Ricaldoni, for military purjioBes. 
the form of a fish, blunt forward, and tapering] 
straight away to the rear. It has a large finlike sur^J 
face on the under aide of the gas-ba( 
rear. Its performances show that its efficiency I 
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compared with its motive power ia larger than any 
other dirigible in commiBeion, 

In May, 1909, tiie rebuilt "Zeppelin III," now re- I 
diriatened "Zeppelin II," after many successful short* 
flights was prepared for the Government trial. On I 
, 1909, with a crew of sis men, Count von'l 
Zeppelin started from Friedrichshafen for Berlin, 1 
360 miles away. The great ship passed over Ulm, I 
Nuremhurg, Bayreuth, and Leipzig; and here it en- I 
countered so strong a head wind from the north, that 1 
it was decided to turn about at Bitterfeld and re- ' 
turn to Fried rich ah a fen. The distance travelled had ' 
been nearly 300 miles in 21 hoiirs. The course fol- 
lowed was quite irregular, and took the ship over ' 
Wurtzburg, and by a wide detour to Heilbron and \ 
Stuttgart. The supply of gasoline running low, it J 
was decided to land at Goeppingen, where more ( 
could be obtained. It was raining heavily, and 
through some miBtake in steering, or some sudden, 
veering of the wind, the prow of the great dirigible 
came into collision with a tree upon the hiU8ide«,J 
The envelope was badly torn, and a part of the alup 
minum inner structure wrecked. However, the ma-l 
chanics on board were able to make such repairs that I 
the ship waa able to resume the voyage the next da^vj 
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and ninilo port without further mishap. The i 
having biT'ii OS hours in the air at tlie time of the 1 
afridt-nt, ao much of the Govemnient's stipulations 1 
had been compliod with. But it had not succeeded J 
in landing safely. Nevertheless it was accepted by I 
the Government. The entire journey has been vari- 
ously estimated at from 680 to 900 miles, either fig- ] 
ure being a record for dirigibles. 

On August 4, the dirigible "Gross II" made i 
voyage from Berlin to Ai>olda, and returned; a dia-I 
tanee of '2'M milos in lH hours. This airship also! 
was accepted by the Oprtiian Government and added '| 
to its fleet. 

In Augtiat, the Zep[>tdin II was successfully sailed I 
to Berlin, where Count von Zopjjelin was welcomed! 
by an immense and enthusiastic multitude of his 1 
cotmtrynien, including the Emperor and the royal I 
family. 

On September 26, the new French dirigible, " LaJ 
Republique," built on the mode] of the succeesfull 
T^baudy airships, met with an accident while 
air. A blade of one of the propellers broke audi 
slashed into the envelope. The ship fell from >.l 
height of 6,000 feet, and its crew of four men loa 
their lives. 
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On April 22, 1910, a fleet of German dirigiblea, 
comprising the " Zeppelin 11," Ihe " Gross II," and I 
the " Parseval T," sailed from Cologne to Hamburg, 
where they were reviewed by Emperor William. A J 
strong wind having arisen, the " Gross II," which 1 
is of the semi-rigid type, was deflated, and shipped I 
back to Cologne by rail. The non-rigid '' Parseval " i 
made the return flight in safety. The rigid "Zep- | 
pelin II " started on the return voyage, but was com- 
pelled to descend at Limburg, where it was moored. 
The wind increasing, it was forced away, and finally | 
was driven to the ground at Weilburg. and demol- \ 
ished. 

In May, 1910, the " Parseval V," the Bmallest ' 
dirigible so far constructed, being but 90 feet in 
length, was put ujwn its trial trip. It made ft cir- \ 
fular voyage of 80 miles in 4 hours. 

For several months a great Zeppelin passenger 1 
dirigible had been building by a stock company I 
financed by German capital, under the direction of I 
the dauntless Coimt von Zeppelin. It was 490 feet 1 
long, with a capacity of Cfl6,900 cubic feet A paa- I 
senger cabin was built with |-inch mahogany 
upon a framework of aluminum, the inside being 
decorated with panels of rosewood inlaid with | 
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mother-of-pearl. The seats were wicker chairs, anj 
the window openings had no gJaas. It was chris- 
tened the " Deutschland." 

After many days waiting for propitious weather 
the first " air-liner " set sail on Jnne 22, 1910, from 
Friedrichshafen for Diisseldorf, t-arrying 20 pas- 
Hengers who had paid $50 each for their passage. In 
addition there were 13 other persons on hoard. 

The start was made at throe o'clock in the morn- 
ing, and the course laid was up the valley of the 
Rhine, as far as Cologne. Diisseldorf was reached at 
three o'clock in the afternoon, the airline distance 
of 300 miles having heen covered in 11 hours of ac- 
tual sailing. From Mannheim to Diisseldorf, fa- 
vored by the wind, the great ship reached the speed 
of 50 miles per hour, for this part of the trip, out- 
stripping the fastest expresB trains which consume 
6 hours in the winding track up the valley. 

The next morning the " Deutschland " left Diis- 
seldorf on an excursion trip, carrying several ladies 
among ita passengers. The voyage was in every way 
a great succeaa, and public enthusiasm was wide- 
spread. 

On June 29, a test trip was decided upon. No 
passengers were taken, but 19 newspaper correspond- 
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eats were invited guests. The Count had 
warned of weather disturbanres in the neighborhood,! 
but he either disregarded them or felt confide 
hie eraft. It waa intended that the voyage should 1 
last four hours, but the airship soon encountered a ] 
storm, and after 6 hours of futile striving against it, i 
the fuel gave out. Caught in an upward draft, the-l 
" Deutaehiand " rose to an altitude of over 5,000 I 
feet, losing eonsiderablo gas, and then, entering a 1 
rainstorm, was heavily laden with inoiature. Sud- 
denly, without definite reason, it began to fall ver- 
tically, and in a few moments had crashed into the | 
tops of the trees of the Teutoberg forest. No ( 
on board received more than alight injury, and all ] 
alighted safely by means of iadtlers. The " Deutsch- j 
land " was a wreck, and was taken apart and ship; 
hack to Fried richahaf en. 

On July 13, another giant passenger airship, 
signed by Oscar Erbaloh, who won the internationals 
balloon race in 1907 by a voyage from St, Louis to* 
Asbury Park, met with fatal disaster. It was sail-' 
ing near Cologne at an altitude of about 2.500 feetil 
when it burst, and Erbsltlh and his four companiong-J 
were killed in the fall. 

On July 28, the '* Gross III " left Berlin with t 



BALLOONS: THE DIRIGIBLE. 



object of betiting tlio long distance reford for dirigi- 
bles. Soon after passing Gotba tbe airsliip returned 
to that place, and abandoned the attempt In 13 
houra a distance of 200 miles iiad been traversed. 

Undiamajed by the catastrophes which had de- 
stroyed bis airships almost as fast as ho built them, 
Count von Zeppelin hud his number VI ready to 
aail on September .'). With a crew of seven and 
twelve passengers he sailed from Baden to Heidel- 
berg — .%3 miles in O-'j minutes. It was put into com- 
mission as an excursion craft, and made si-vcral suc- 
cessful voyages. On September 14, as it was being 
placed in its sbe<i at the close of a journey, it took 
fire unaccountably, and was destmyed together with 
the shed, a part of the framework only remaining. 

On October 15, I'JIO, the Wellman dirigible 
" America " which had lieen in preparation for many 
weeks, left Asbury Park in an attem])t to cross the 
AtlaDtic. Its balloon was 228 fwit long, with a di- 
ameter of 53 feet, containing 345,000 cubic feet of 
gas. The cur was 156 feet in length, and was ar- 
ranged as a tank in which 1,250 f^allnDs of gasoline 
were carried. A lifeboat was attached underneath 
the car. There were two engines, each of 80 horse- 
power, and an auxiliary motor of 10 horse-power. 
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Sleeping quarters were provided for tlici crew of a 
and the balloon was fitted with a wireless telegrapttl 
system. AH went well until off the island of Nan-| 
tucket, where strong north winds were encountered, 
and the dirigible waa swept southward toward Ber? 
mnda. As an aid in keeping the airship at an ele* 
vation of about 200 feet above the sea, an enlarge 
trail-rope, called the equilibrator, had been 
strneted of cans which were filled with gasolic 
This appendage weighed 14 toua, and the lower part 
of it was exjiected to float upon the aea, Tn practiw 
it was found that the jarring of this cquilibratorj 
when the sea became rough, disarranged the machiii: 
ery, so that the propellers would not work, and thi 
balloon was compelled to drift with the wind, 
ward evening of the second day n ship waa sigl 
and the America's crew were rescued. The airship 
floated away in the gale, and was soon out of s 

On October 16, a new Clement-Bayard dirigible 
with seven men on board, left Paris at 7,15 o'cloc 
in the morning, and sailed for London, At 1 p. 
it circled St. Paul's Cathedral, and landed at tlw 
hangar at Wormwood Scnibbs a half hour '. 
The distance of 259 miles (airline) was trSTers 
at the rate of 41 miles per hour, and the joun 
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Miir])asHf<l in sjufd >\u\- jirevinnsi jiniriioy hv any other 
fiirni of pfiDveyanpc. 

On November 5, 1910, the young Welsli aero- 
naut, Ernest T. Willows, who sailed his sniell dirig- 
ible from Cardiff to London in August, made a trip 
from London across the .English Channel to Doiiai, 
FraniT. This is the third time within a nKiiilh tliat 
the Chuunol had I)een crossed by airships. 




Toward the close of ISHfl, ti2 dirifiribles were in 
oomniission or in process of conslrnct.ion. In the 
United States there were 7: in Belgium, 2; in Eng- 
land, ; in France, 12 ; in Germany, 14 ; in Italy, 5 ; 
in Russia, 1 ; in Spain, 1. 

The new CapazKa dirigible is a decided depnrtiiro 
from all preceding constructions, and may mark R 
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new era in the navigation of the air. Its gas en- 
velojw is shaped like a lens, or a lentil, and is ar- 
ranged to sail flatwise with the horizon, thus par- 




Capazza dirigible from the front. From above it ia an exact circle in outline 

taking of the aeroplane as well as the balloon type. 
Xo definite faets eoneerning its achievements have 
JK^en piiblisluMl. 



Chapter XV. 
BALLOONS: HOW TO OPERATE. 

Preliminary inspection — Instruments — Accessories — Ballast 
— Inflating — Attaching the car — ^The ascension — Controls 
— Ijanding — Some things to be considered — After landing 
— Precautions. 

THE actual operation of a balloon is always en- 
trusted to an experienced pilot, or '* captain '^ 
as he is often called, because he is in command, and 
his authority must be recognized instantly Avhonever 
an order is given. Xevertheless, it is often of groat 
importance that every passenger shall understand the 
details of managing the balloon in case of need ; and 
a well-informed passenger is greatly to l>e preferred 
to an ignorant one. 

It is ordinarily one of the duties of the captain 
to inspect the balloon thoroughly; to see that there 
are no holes in the gas-bag, that the valve is in per- 
fect working order, and particularly that the valve 
rope and the ripping cord are not tangled. lie should 
also gather the instruments and equipment to be car- 
ried. 

340 
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Tlie instniinents are usually an anerokl tijirniMotcr, 
and ]Tcrliaii3 a mercury barometer, a barogi'aph (re- 
cording barometer), a psycbroiiieter (recording tber- 
monieler), a clock, a conipasB. and an outfit of maps 
of (be country over wliicb it is possible that tlie 
balloon may float, Teleprapb blanks, railroad time 
tables, ete., may Ije found of great service. A cam- 
era ivitb a supply of plates will be indispensable 
almost, and tlie camera eboiild lie provided witb a 
yellow screen for photograpliing clouds or distant 
objecta, 

Tbe ballast should be inspected, to be sure that it 
is of dry sand, free from stones; or if water is used 
for ballast, it should have the pmjwr aduiixlnre of 
glycerine to prevent freezing. 

It is essential that the inflating be projierly doup, 
and the captain should be couipotent to direct this 
process in detail, if necessary. What is called the 
"circular method" is the simplest, anil is entirely 
satisfactory unless the balloon is being filled witli 
pure hydrogen for a very high ascent, in which case 
it will doubtless Im? in tbe bonds of experts. 

When inflating witb coal-gas, the supply U usually 
taken from a large pipe adapted for the pnr]josL\ At 
a convenient di.'^Iauce from the gas-main the ground 
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is made smooth, aud llie ground cloths arc spLf/nd nut 
and pegged down to keep them in place. 

The folded Imllooii is laid out on tlie cloths willi 
the neck opening toward the gas-pipe. The bal!<ton 
ia then unfolded, aud so disposed that the valve will 
be iippernioBt, and in the centre of s. cirelu emhrac- 

iiig the iip|)CT half of the sphere of the balloon, the 
o]iening of the neck projecting a few inchea beyond 
the rim of the circle. The hose from the gas-main 
may then lie connected with the socket in the neck. 
Having made mufc (hat the ripping cord and the 
valve rope are free from each other, and property 


1 

1 
1 



connected with their active parts, and tliat the valve 
is fastened in place, the net is laid over (he whole, 
and spread out symmelricaUy. A few bags of bal- 
iuBt are hooked into the net aronnd the circiirafereiice 
of the balloon as it lies, and the assistants distributed 
around it. It should he tie duty of one man to hold 
the neck of the balloon, and not to leave it for any 
purpose whatever. The gas may then be turned on, 
and, as the balloon fills, more bags of ballast are 
hung symmetrically around the not; and nil are con- 
tinually moved downward as the balloon rises. 

Constant watching is necessary during the infla- 
tion, 80 that the material of the balloon opens fully 
without creases, and the net preserves its correct po- 
sition. When the inflation is finished the hoop and 
car are to be hooked in place. The car should be 
fitted up and hung with an abundance of ballast. 
Disconnect the gas hose and tie the neck of the bal- 
loon ia such fashion that it may l»c o[jened wilh a 
pull of the cord when fliR ascent l»egina. 

The ballast is then transferred to the hoop, or ring, 
and the balloon allowed to rise until this is clear of 
the ground. The car is then moved underneath, and 
the ballast moved down from the ring into it. The 
trail-rope should lie made fast to the ear directly 
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under the ripping panel, the object being to retard 
that side of the balloon in landing, so that the gas 
may escape freely when the panel is torn open, and 
not underneath the balloon, as would happen if the 
balloon came to earth with the ripping panel under- 
neath. 

The balloon is now ready to start, and the captain 
and passengers take their places in. the car. The neck 
of the balloon is opened, and a glance upward will 
determine if the valve rope hangs freely through it. 
The lower end of this should be tied to one of the 
car ropes. The cord to the ripping panel should be 
tied in a different place, and in such fashion that no 
mistake can be made l)etwecn tliem. The assistants 
stand around the edge of the basket, holding it so 
that it shall not rise until the word is given. The 
captain then adjusts the load of ballast, throwinc: off 
sufficient to allow the balloon to pull upward lightly 
against the men who are holding it. A little more 
ballast is then thrown off, and the word given to let 
go. The trail-rope should be in charge of some one 
who will sec that it lifts freely from the ground. 

The balloon rises into the air to an altitude where 
a bulk of the liiizhor and tlioreforo lighter air equal 
to the bulk of the balloon has exactly the same weiirht. 
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Tliis is ordinarily alioiit 2.000 feet. If the ; 
should he shilling the gas in the balloon will be cx-^ 
panded bv the heat, and some of it will be forced out] 
through the neck. This explains the importance oH 
the open neck. In some of the early ascensions nQ; 
anch provision for tlie expansion of the gaa wa: 
and the balloons burat with disastrous consequences, i 

When some of the gas has been driven out by the j 
heal, there is leas weight of gas in the balloon, thougl 
it occupies the same space. It therefore has t 
deucy to rise still higher. On the other hand, if i 
paases'into a cloud, or the sun is otherwise obscured^J 
the volume of the gas will contract; it will becomal 
denser, and the balloon will descend. To check the 1 
descent the load carried by the balloon must be light- i 
ened, and this is accomplished by throwing out some j 
ballast ; generally, a few handfuls is enough. 

There is ahvays more or less leakage of gaa 
through the envelope as well »s from the neck, and 4 
this also lessens I he lifting j)ower. To restore the I 
balance, more ballast must !« thrown out, and in I 
this way an approximate level is kept during the j 
journey. 

When tlie ballast is nearly exhausted : 
necessary to come down, for a comfortable I 
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cannot be made without the tise of ballast. A good 
landing place having been selected, tlie valve is 
opened, and the balloon broiighl down within a few 
yards of the ground. The ripping cord is then pulled 
and ballast thrown out so that the basfeet will touch 
as lightly as possible. Some aeronnuLs use a small 
anchor or grapnel to assist in making a landing, but 
on a windy day, when the car ia liable to do some 
bumping before coming to rest, the grapnel often 
makes matters much worse for the passengers by a 
series of holdings and slippings, and sometimes causes 
a destructive strain upon the balloon. 

In making an ascent with a balloon full of gas 
there is certain to be a waste of gas as it expands. 
This expansion is due not only to the heat of the 
aun, but also to the lighter pressure of the air in the 
upper altitudes. It is tlierefore the custom with 
some aeronauts to ascend with a partially filled bal- 
loon, allowing the expansion to completely fill it. 
This process is particidarly advised if a very high 
altitude is sought. When it is desired to make a 
long voyage it is wise to make the stai^ at twilight, 
and 80 avoid the heat of the sun. The balloon will 
then float along on au almost unchanging level with- 
out expenditure of ballast. Bain and even the mois- 
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I 

^H titre from clouds will sometiiues wet the balloon 

^H that it will cause a much greater loss of ballust tl 

^H would have been required to be thrown out to r 



I 






abovp the cloud or stonri. Suph (Iptails in the hand- 
ling of a balloon during a voyage will demand thdl 
skilled judgment of the pnptain. 




hallooss: now to operate. 



Tlie tniil-roiii; is u vnliiiil.If a.ljmirl wlifii llj<' I>;il 
loon is travelling near the groniui. Tin? longer tlic 
part of the trail-rope that is Hragfjiiif; on thr proiiiut 
the less weight the bnlloon is carrying. And al 
night, when it is impossible to tell the direction in 
which one is travelling in any other way, the line 
of tlie trailing rope will show the direction from 
which the wind is blowing, and hence the drift of the 
bnlloou. 

The care of the balloon and it« instrnmenta upon 
landing falls upon the captain, for he is not likely 
to find assistants at hand comjietent to relieve him 
of any part of the necessary work. The car and the 
ring are first detached. The ropes are laid ont free 
and clear, and the valve is nnscrewed and taken off. 
The material of the balloon is folded smoothly, gore 
liy gore. The hflllast hags are emptied. After all 
is hnndled up it should be packed in the car, the cov- 
ering cloth bound on with ropes, and definite in- 
structions afRxed for transportation to the starting- 
point. 

It is apparent that the whole of the gas is lost at 
the end of the journey. The coat of this is the larg- 
est expense of balloonitig. For a small balloon of 
about 50,000 cubic feet, the coal-gas for inflaling 



350 



BALLOONS: HOW TO OPSRATB. 



will cost about $35 to $40. If hydrogen is used, it 
will cost probably ten times as much. 

In important voyages it is customary to send up 
pilot balloons, to discover the direction of the wind 
currents at the diflFerent levels, so that the level which 
promises the best may be selected before the balloon 
leaves the groimd. A study of the weather conditions 
throughout the surrounding country is a wise pre- 
caution, and no start should be made if a storm is 
imminent. The extent of control possible in bal- 
looning being so limited, all risks should bo scrupu- 
lously avoided, both before and during the voyage, 
and nothing left to haphazard. 



Chapter XVI. 

BALLOONS: HOW TO MAKE. 

The fnbrics ii»hI— rr«limiiiiii-)' varnisliins— Vornwhcw— RiihlMT- 
izwI falirioM— IVKaiiiokl— ttViKlH »f variiisli— IjHiludr.- of 
tile ImlliHin — <'Hk-ii!ariu}{ Roren — l^yini: out padems ami 
ciittinx — Hewiug — Vamii>biDg — DryioR — OiliDK — 'Vhp mtk 
— The valvi — Tlie nei — The liasket. 

THE making of a balloon ia alninat always placed 
in the bands of a professional balloou-uiaker. 
But as tbe use of ballonnw increases, and their own- 
ers niiiltipl.v, it is becoming a matter of iniptjrtance 
that tbe most improved irielhoda of making tbem 
nbould be known to tbe intending purchaser, as well 
as to tbe amateur who wishes to construct bis own 
balloon. 

Thr fabric of which the gas envelope is made may 
be either silk, cotton (percale), or linen. It should 
be of a tight, diagonal weave, of uniform and strong 
threads in both warp and woof, unbleached, and 
without dressit^, or finish. If it is colored, care 
should be exercised that the dye is one that will not 
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affect injuriously the strength or texture of the fab- 
ric. I^ightness in weight, and great strength (as 
tested by tearing), are the essentials. 

The finest German percale weighs about 2i ounces 
per square yard ; Russian percale, 3^ ounces, and 
French ]iercale, 3f ounces, per square yard. The 
white silk used in Russian military balloons weighs 
about the same as German percale, but is very much 
stronger. Pongee silk is a trifle heavier. The silk 
used for sounding balloons is much lighter, weighing 
only a little over one ounce to the square yard. 

Goldheator's skin and rubber have been used to 
some extent, but the great cost of tlie former places 
it* in reach only of ^overnmeutnl departniouts, and 
the latter is of use onlv in small balloons for scion- 

t 

tific work — up to about 175 cubic feet cnpacity. 

The fabric is first to be varnislied, to fill up the 
pores and render it gas-tight. Tor this ])uri)ose a 
thin linseed-oil varnish has been coninionlv used. 

ft' 

To 100 parts of pun* linseed-oil are added 1 parts 
of litharge and 1 part of unibcr, and tfie mixture is 
heated to about 1550' Falir., for six or seven hours, 
and stirred constantlv. After standiu": a few davs 
the clear j>arl is drjiwn off for use. For tlie tliick(T 
varnish used on later eclats, the beat should be raised 
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to 450° iiiid ko]>t at. nliout. that, tpmperatiire iiiitil il 
becomes thick. This operation is attended with 
much danger of the oil taking fire, and should be 
done only by an experienced vamish-maJter. 

The only advantages of tlie linseed-oil vamieh are 
ita ease of application, and its cheapnesa. Its draw- 
hocka are stickiness — requiring continual esaruina- 
lion of tlie balloon envelope, especially when the 
deflated hag is stored away — its liability to spontane- 
ous combustion, particularly when the varnish is 
new, and its very slow drying qualities, requiring a 
long wait between the coats. 

Another varnish made by dissolving rubber in ben- 
zine, has been largely used. It requires vulcanizing 
after application. It is never sticky, and is always 
soft and pliable. However, the rublwr is liable to de- 
composition from the action of the violet ray of light, 
and a balloon so varnished requires the protection 
of an outer yellow covering — either of paint, or an 
additional yellow fabric. Unfortunately, a single 
sheet of rubberized materia] is not gas-tight, and it 
ia necessary to make the envelope of two, or even 
three, layers of tfie fabric, thus adding much to the 
weight. 

The great gas-hags of the Zeppelin airships are 
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varnished with '^ Pegamoid/' a patent preparation 
the constituents of which are not known. Its use by 
Count Zeppelin is the highest recommendation poa- 
sible. 

The weight of the varnish adds largely to the 
weight of the envelope. French pongee silk after 
receiving its five coats of linseed-oil varnish, weighs 
8 ounces per square yard. A double bag of percale 
with a layer of vulcanized rubber between, and a 
coating of rubber on the inside, and painted yellow 
on the outside, will weigh 11 ounces per square 
yard. Pegamoid material, wliieh eonies ready i)ro- 
pared, weighs but about 4 ounces i)er square yard, 

but is much more costlv. 

t' 

In cutting out the gores of the envelope it is pos- 
sible to waste fully ^ of the material unless the 
work is skilfully planned. Taking the width of 
the chosen material as a basis, we must first deduct 
from J of an inch to li iuehes, in proportion to the 
size of the proposed balloon, for a broad seam and 
the overlapping necessary. Dividing the cireuuifer- 
ence at the largest diameter — the '* equator " of the 
balloon — by the remaining width of the fabric gives 
the number of gores required. To obtain the breadth 
of each gore at the diflFerent ''latitudes" (suppos- 
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ing the globe of the balloon to be divided by parallels 
similar to those of the earth) the following table is 
to be used ; 0*^ representing the equator, and 90° the 
apex of the balloon. The breadth of the gore in in- 
ches at any latitude is the product of the decimal 
opposite that latitude in the table by the original 
width of the fabric in inches, thus allowing for 
seams. 

Table for CALCULATDia ^hapb of Gores for Spherical 

Balloons 



0* 


...1.000 


30* ... . 


.. .0.866 


60* . . 


...0.500 


3* 


...0.998 


33* . . . 


.. .0.839 


63*. 


.0.454 


6* 


...0.994 


36* ... . 


. ...0.809 


66° . 


0.407 


9* 


.0.988 


39* ... . 


...0.777 


69° 


0.358 


12* 


...0.978 


42* . . . 


...0.743 


72°. . 


0.300 


15* 


...0.966 


45° . . . . 


.0.707 


75° . 


0.259 


18° 


...0.951 


48* ... . 


...0.669 


78° . . 


. .. 0.208 


21* 


...0.934 


51*.... 


...0.629 


81°. .. 


.0.156 


24* 


...0.913 


54* ... . 


....0.588 


84°. .. 


.0.104 


27* 


...0.891 


57* ... . 


...0.544 


87° . . . 


. 0.052 Jl 



In practice, the shape of the gore is ciileuhued by 
the above table, and |)lotted out on a liojivv ])aste- 
l)oard, generally in two sections for convenience in 
handling. The board is cut to the plotted sliape and 
used as the pattern for every gore. In large estab- 
lishments all the gores are cut at once by a machine. 

The raw edges are hemmed, and folded into one 
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another t" give a tint seam, and are then sewn to- 
gether " tbrougli auiJ tliroiigli," in twos and threes: 
afterward these sections are sewn together. Puck- 
ering must be 8crup\ilously avoided. In the case of 
rubberized material, the thread holes should be 
smeared with rubber solution, and narrow strips of 
the fabric cemented over the seania with the same 
Bubstance. 

Varnishing is tlie next process, the gores being 
treated in turn. Half of the envelope is varnished 
first, and allowed to dry in a well-ventilated place 
out of reach of the sun'a raya. The other half is 
varnished when the first is dry. A framework which 
holds half of the balloon in the shape of a bell ia 
usually fm|)loyed. In case of haste, the balloim may 
be blowTi up with air. but this must be constantly re- 
newed to be of any service. 

The first step in varnishing is to get one side (the 
outer, or the inner) coated with a varnish thin 
enough to penetrate the material: then turn the en- 
velope the other side out and give lliat a coat of the 
thin varnish. Next, after all is thoroughly dry, give 
the outer side a coat of thick varnish closing all pores. 
When this is dry give the inner side a similar coat. 
Finally, after drying thoroughly, give both sides a 
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coat of olive oil to prevent stickiness. The amount 
of varuish required is^ for the first coat 1^ times the 
weight of the enveIo])ey and for the second coat ^ the 
weight — of the thin varnish. For the thick coat on 
the outer side ^ of the weight of the envelope, and 
on the inner side about half as much. For the olive- 
oil coat, about ^ of the weight of the envelope will be 
ne(Hled. These figures are approximate, some ma- 
terial requiring more, some less; and a wasteful 
workman will cause a greater difference. 

The neck of the balloon (also called the tail) is in 
form a cylindrical tube of the fabric, sown to an 
opening in the bottom of the balloon, which has been 
strengthened by an extra ring of fabric to support 
it. The lower end of the tube, called the mouth, is 
sewn to a wooden ring, which stiffens it. The size 
of the neck is dependent upon the size of the balloon. 
Its dianiet(*r is determined by finding the cube of 
one-half the diameter of the balloon, and dividing it 
by 1,000. In length, the neck should be at least 
four times its diameter. 

The apex of the balloon envelope is fitted with a 
large valve to permit the escape of gas when it is de- 
sired that the balloon shall descend. The door of 
the valve is made to open inward into the envelope, 
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and is puliwi oiwu by the valve-eord whicli paasps 
througli the neck of the halloon into the basket, 
or car. This v-alve ia called the maiKi'iivring valve, 
and there are many different designs equally effi- 
cient. As they may be had ready made, it is best 
for the amateur, unless he is a machiuitit, to pur- 
chase one. The main point to see to is that the seat 
of the valve is of soft pliable rubber, and that the 
door of the valve presses a comparatively sharp edge 
of metal or wood so firmly upon the seat as to indent 
it; and the springs of the valvo should be strong 
enougii to hold it evenly to its place. 

The making of the net of the balloon is another 
part of the work which must be delegated to profes- 
sionals. The material point is that the net distrib- 
utes the weight evenly over the surface of the upper 
hemisphere of the envelope. The strength of tlie 
cordage is an item which must be carefully tested. 
Different samples of the same material show such 
wide variations in strength that nothing but an actu- 
al test will determine. In general, however, it may 
he said that China-grass cordage is four times as 
strong as hemp cordage, and silk cordage is ten times 
as strong as hemp — for the same size cords. 

The meshes of the net should be small, allowing 
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the use of a small cord. T.arge cords mean 1 
knots, and these wear flerioitsly upon the balloon en- 
vi'lnpp, and are very likely to cause leaks. In largofl 
meshes, also, the envelope puffs out between the cordAv 
and becomes flomewhat stretched, opening pores I 
through which much gas is lost by diffusion. 

The " star," or centre of the net at the apex of the I 
balloon, must he fastened immovably to the rim of-J 
the valve. The suspension cords begin at from 30" 
to 45° below the equator of the envelope, and are^ 
looped through rings in what are called "gooae--! 
neeka." These allow a measure of sliding motion j 
to the cordage us the basket sways in the wind. 

For protecting the net against rotting from fro* | 
quent wetting, it is recommended to saturate it thor- i 
oughly with a solution of acetate of soda, drying int- 1 
mediately. ParafBn is sometimes used with n: 
leas aticcesa, but tarring should be avoided, as it ma- 
terially weakens the cordage. Oil or grease are even I 
worse. 

At the bottom of the net proper the few large eordg j 
into which the many small cords have been merged I 
are attached to the ring of the balloon. This u j 
eitlier of steel or of several layers of W(jiid well bound j 
together. The ropes supporting the basket are alao \ 
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fastened to this ring, and from it hang the trail-rope 
and the holding ropes. 

The basket is also to be made by a professional^ 
as upon its workmanship may depend the lives of its 
occupants, though every other feature of the balloon 
be faultless. It must be light, and still very strong 
to carry its load and "withstand severe bumping. It 
should be from 3 to 4 feet deep, with a floor space 
of 4 feet by 5 feet It is usually made of willow and 
rattan woven substantially together. The ropes sup- 
porting the car are passed through the bottom and 
woven in with it Buffers are woven on to the out- 
side, and the inside is padded. The seats are small 
baskets in which is stored the equipment. With the 
completion of these the balloon is ready for its fur- 
nishings and equipment, which come imder the direc- 
tion of the pilot, or captain, as detailed in the pre- 
ceding chapter. 



Chapter XVII. ' 

MILITARY AERONAUTICS. 

The pioneer Meimnier — L'Entreprenant — Pirnt aeroxiicro — First 
ttpriBl warship — Bombardmi'tit by ItntloanH — Free linllannH in 
oliservntions — Ordering artillery from hailoun — -Ttie juMilal 
liallooaB of Paris— -Co inpresKeil h^ilruRen — National eiiwri- 
Hieoto — Bomb droppins — Fa I ling exploBiveB — WiitcHpread 
activity in KatberioR fleets— t'ontroversies — Range of vision 
— BeaKsiiriiig out look. 

ALMOST froin the beginning of siircesa in trav- 
ersing the air the great poasibililies of h11 
furiiis of aircraft as aitia in warfare have been 
recognized by military authorities, and, as has so 
often been the case with other inventions by non- 
military minds, the practically unlimited funds at 
the diBjMjsal of national war departments have been 
available for the development of the balloon at first, 
then the airship, and now of the aeroplane. 

The Montgolfiera had scarcely proved the possibil- 
ity of rising into tlie air, in 178,1, before General 
Meusnier was busily engaged in inventing improve- 
ments in their balloon with the expressed purpose of 
making it of service to his army, and before he was 
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killed in battle he had secured the appointment o£i 
a comiiiission to test the improved balloon as to ita.1 
efficiency in war. The report of the comiuittee bein^l 
favorable, a balloon corps was formed in April, 1794,1 
and the balloon L' Entreprenant was used during thel 
battle of Fleurus, on June 26th, by Meusnier'a suc-ij 
cessor, General Jourdan, less than o year after Meu»- 
nier's death. In 1795 this balloon was used in the 
battle of Afajence. In bolh instances it was 
ployed for observation only. 

But when the French entered Moscow, they fonnd I 
there, and captured, a balloon laden with 1,0001 
pounds of gunpowder which was intended to havefl 
been used against them. 

In 1796 two other balloons were used by thel 
French army then in front of Andemach and Ehr'J 
enbreitatein, and in 179S the lat Company of Aero*j 
stiers was sent to Egj'pt, and operated at the battldl 
of the Nile, and later at Cairo. In the year follow*.' 
iug, this balloon corps was disbanded. 

In 1812 Russia secured the services of a Germaal 
balloon builder named Leppich, or Leppig, to build J 
a war balloon. It had the form of a fish, and waaJ 
so large that the inflation required five days, but them 
construction of the framework was faulty, and somea 
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important parts gave way during inflation, and I 
airsiiiti nt-vor left tlie pronnil. As it was inteadaJ 
timt tliia Imiloon alioiild he dirigible aud supplied 
with expldsives, and take an active part in nttnt'lct 
(in eni-niii'B, it may Ix? ref^ardeil as the firal aerial 
warship. 

In 1849, however, the first actual employment of 3 
the balloon in warfart; took place- Austria was en* I 
gaged in the bombardment of A'enice, and the rang»H 
iif the heaiegiiij; batteries was not great enough toj 
I>rTniit «li("lls 1(1 Itt- dmiqicd into llie (.'itj. The en-j 
gineers forme<l n balloon detaehment, and made ST 
uumber of Montgoifiers out of pai>er. These were offl 
a size sufficient to carry bombs weighing 30 poimttA 
for half an hour before coming down. These wtr3 
hullocns were taken to the windward side of the citJifl 
:uid after a pilot balloon bad been floated over ttlj^3 
jioint where tbe bombs were to fall, and the tintfrj 
consumed in the fliglit ariecrtained, ibe fuses of tha] 
■hnrubn were set for Ibc same time, aud the war bal^ 
I'Mma were released. The aclnal damagi' dime by tlw 
dropping of these l>oniba was not great, but the moral J 
effect upon the people of the city was enormons, 
balloon detachment changed its pi^sition as the wiw 
changed, and many shells were exploded in tbe bet 
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of tbe city, one of them in the market place. But 
tlie deBtruction wrought wa8 insignificant as oom- 
pareii with that usually resulting frnni eaunonading. 
As these little Montgolfiers were sent up unmanned, 
perhaps they are not strictly entitled to be dignified 
by the name of war balloon, being only what in this 
day would he called aerial bombs. 

The next use of the balloon in warfare was by 
Napoleon HI, in 1859. He sent up Lieutenant 
Ofrtlard, formerly a manufacturer of balloons, and 
Nadar, the balloonist, at Castiglione. It was a tour 
of observation only, and Godard ULade tJie important 
discovery that the inhabitants were gathering their 
flocks of domestic animals and choking the roads 
with them, to oppose tbe advance of the French, 

The first military use of balloons in the United 
States was at tbe time of the Civil War. Within 
a month after the war broke out, Professor T. S. C. 
I^jwe, of Washington, put bimself and his balloc)n 
at the commanil of President Lincoln, and on .Time 
18, 1801, he sent to tlie President a telegram from 
the balloon — the first record of the kind in history. 

After tbe defeat at llanaflsas, nn July 24, 1861, 
Professor Lowe nuide a free ascent, and discovered 
the true position of the ('onfederates, and proved 
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^ft llii' falsity of niiTiors of llieJr advance. Tlie organ- 

^B ization of a regular balloon corps followed, and it 

^^k was attached (n McClollan's army, and used in rec- 




[itNacd h>'dnjgcii to replaoD leakage is 



onnoitring iM'fore Yorktowii. The balloons 
operated under heavy artillery firt!, but were 
iajurerl. 



MILITARY AERONAUTICS. 



On May 2+tli, for the first time in history, a gen- 
eral officer — in this case. General Stoneman— <]iroctcd 
the fire of artillery at a Iiiddon enemy from a balloon. 

Later in tlie month bnlloona were used at Chioka- 
hominy, and again at Fair Oaks and Richmond, be- 
ing towed about, by loooinotives. On the retreat from 
before Riehmond, McClellan's balloons and gas gen- 
erators were eaptnred and destroyed. 

In 186!). during the siege of a fort at Wakamatzn 
by the Imperial Japanese troops, the besieged sent 
up a man-carrying kite. After making observations; 
the officer ascended again with explosives, with whieb 
he attempted to disperse the besieging army, but 
without success. 

During the siege of Paris, in 18T0. there were 

several experienced balloonists shut np in the city, 

and the six balJoons at hand were quickly repaired 

and put to use by the army for carrying dispatches 

and mail beyond the besieging lines. The first trips 

were made by the profeaaionnl aeronauts, but, as they 

could not return, there was soon a scarcity of pilots. 

Sailors, and acrobats from the Hippodrome, wore 

pressed into the service, and before the siege was 

raised 64 of these postal balloons had been dispatched. 

Fiftj'-seven ont of the 64 landed aafely on French 
24 
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lerrilovy, aurl fiilfilleH lln-ir niisrium : - 
tured by the Gennans; 1 flouttfl to Xonvay; 1 was 
lost, with its crew of two sailors, who faithfullv 
dropped their dispatches on ihe rocks noiir the Liz- 
ard as they werp swept out to sea; and 1 landed on 
the islet Hoedic, in the Atlantic. In all, 164 per- 




sons h.'ft PiiriH in thesr Imlloons, jilwuys nr nijjht, 
and there were carried u total of !> Tons of dispatches 
and 3,000,000 letters. At first dng^ were carried 
to bring back replies, but none ever returned. Then 
parrier pigeons were naed successfnlly. Replies wt-re 
set in type and printed. These printed sheets were 
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retJiitod bv piiolopraphy so ihat. 16 folio jiHgos of 
print, containing 32,000 wonU, were reiiiiL-t'd to a 
space of 2 inches by 1^ inches on the thtnucst of 
gelatine film. Twenty of these films were packed 
in a qnill, iind constitnted the load for each pigeon. 
When received in Paris, the films were enlarged by 
means of a magic lantern, copied, and delivered to 
the persona addressed. 

In more recent times the French used hallnons at 
Tonkin, in 1S84; the English, in Africa, in 18Sr>; 
the Italians, in Abyssinia, in 188S; and tlie United 
States, at Santiago, in ]Si)8. During the Boer War, 
in liKIO, balloons were used by the British for di- 
recting artillery fire, and one was shot to pieces by 
well-aimed Boer cannon. At Port Arthur, both ibe 
Japanese and the Russians used balloons and man- 
carrying kites for observHtion. The most recent ksc 
is that by Spain, in her campaign against (be Moors, 
in 1!>00. 

Tlic introduction of compressed hydrogen in com- 
pact cylinders, which are easily transjiorted, has sim- 
plified the problem of inllating balloons in (be field, 
and of restoring gas lost by leakage. 

The ailvent of the dirigible lias engaged the active 
attention of the war departments of all the civilized 
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nutioiis, and exjieriments are conslantly prDgressin, 
in iiianv iiistaiicps in secret. It is a fai-l at nuoj 
significant iiml iiitcn'sting, as marking the rapidibj 
of the march rif improvement, that the German Govi 
ernmeul has hitely refused to hiiy the newest Zepi 
peliu dirigiUe, <in ihe ground that it is biiilt of aloj 




minum, which is out of date siuce (he discovery < 
its ligliter alloys. 

Practically all the annieh; arc lieiiig provided witj 
fleets of aeroplanes, ostensibly for use in scouting; 
But there have been many contests by aviatora i 
"bomb-dropping" which have at least proved thd 
it is possil)le to drop explosives from an aeropi 
with a great degree of accuracy. The favorite t 
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iu these eoutesta hus been the life-sized outline of 1 
a battlesbip. 

Gleiiu Ciirliss, iiftcr bis triji <l<jwn the Iliirltion 
from Albany, declared tbat he could have dropped ■ 
a large enough torjiedo iijxiu the Ponghkecpsle i 
Brid)!:e to have wrecked it. Tlis subsequent fe 
in dropping " bombs," represented by oranges, have 
given weight to his claims. 

By some \*Titers it is asserted that the sncccs-sfiil ] 
navigation of the air will guarantee nniversal peace; 
that war with aircraft will he so destructive that J 
the whole world will rise against its horrors. Against J 
a fleet of flying nuicliines dropping explosives into , 
the heart of great cities there can lie no adequate 
defence. 

On the other hand, Mr. Hudson Maxim declares 
that the exploding of the limited quantities of dyna- 
mite that can be carried on the present types of 1 
aeroplanes, on the decks of warships would not da I 
any vital damage. He also says that many tons of 1 
dynamite might be exploded in Madison Square, 
Xew York City, with no more serious results thaa { 
the blowing out of the windows of the adjacent bui 



ings 



i the i 



within rushed out to fill the void I 



i-aused by the iiprush o! air heated by the cxplos 
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As yet, the only e.\]i(Ticiicc tliiil nmy Ih.- instanced I 
is that of tiie Riisso-Ja|inm'sf War^ wliuro cast-ironJ 
sliells, weighing 448 lb§., cniitiiining 28 lbs. uf pow-j 
dor, were fired fpoiii a liigli angle into Port Arthur^] 
and did but little damage. 

In 1899 the Hague Conferencp passed a rcsnlutit 
prohibiting the use of aireraft to discharge projeclilea i 
or explasives, and limited their use in war to ob- I 
servatioD, Germany, France, and Italy withheld I 
consent upon the propositiciu. 

In general, undefended plaws are regarded as ex- 
empt from attack by bombardment of any kind. 

Nevertheless, there are straws which show hwj 
the wind is blowing. German citizens and c1ub»J 
which purchase a type of airship approved by the! 
War Office of the German Empire are to receive a 1 
substantial subsidy, with the imderstanding that in J 
case of war the aircraft is to be at the disposal of 1 
the Government. Under Ibis plan il is expected tbat'l 
the German Government will control a large fleet oCj 
ships of tlie air without being obliged to ovm them.] 

And, in France, funds were raised recently, hyM 
popular subscription, sufficient to provide tlic natioi|,l 
with a fleet of fourteen airships (dirigibles) and 
thirty aeroplanc-i, Tliese are already lieing builtJ 
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and it will not be- long before France will have llie 
largest air-fleet ufltmt. 

The resnlts of Hn' (Jcniiiin niaii'i-iivri'M witli a fli'nt 
tif four dirigibles in ji niglit atliick upon strong for- 
tresses have been kept a profound secret, as if of 
great value to the War Office. 

In the United States the Signal Corps has been 
active in operating the Baldwin dirigible and the 
Wright aeroplanes owned by the Government. To 
the latter, wireless telegraphic apparatiia has been 
attached and in operated siiccessfnily when the ma- 
chines are in flight. In addition, the United Statra 
Aeronautical Reserve has lieeu formed, wirh a large 
membership of prominent aiiialeur and professional 
aviators. 

Some military ex|)erts, however, assert that the 
dirigible is hopelessly outclassed for warfare by the 
aeroplane, which can operate in winds in which the 
dirigible dare not venture, and can soar so high above 
any altitude that the dirigible can reach as to easily 
destroy it. Another argument used against the avail- 
ability of Ihe dirigible as a war-vessel is, that if it 
were launched on a wind which carried it over the 
enemy's country, it might not be able lo return at 
sufficient speed to escape destruction by high-firing 
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gims, eveu if its limited fuel capacity did not force 
a landing. 

Eveu tlu^ observation value of the aircraft is in 
some dispute. The following table is quoted as giv- 
ing the ranges possible to an observer in the air: 

Altitude in feet. Distanoe of hoiuon. 

500 30 miles. 

1,000 42 " 

2,000 59 " 

3,000 72 " 

4,000 84 " 

5,000 93 " 

As a matter of fact, the moisture ordinarily in 
the air effectually limits the range of both natural 
vision and the use of the camera for photographing 
objects on the ground. The usual limit of practical 
range of the best telescope is eight miles. 

All things considered, however, it is to be expected 
that the experimenting by army and navy oHicers all 
over the world will lead to such improvement and 
invent i(m in the art of navigating the air as will 
develop its benevolent, rather than its malevolent, 
possibilities — '' a consumuuiticm devoutly to l)e 
wished." 



Chapter XVIII. 
BIOGRAPHIES OP PRO/VIINENT AERONAUTS. 



Tbe Wright BrotburH^ — SaiitoM^Dumotii — -Loui» BIfriot— (Jii- 
briel Voisin— U-oi] Del a^ range— Henri Farman — Ituljeri 
EnnBult-I'elterie — ('oiml von Zeiiiwlin — <JIenn H. Cnrdss 
— t^barl™ K. HamiUoQ— Hubert IjilhBn.— Alfred I^blanc- 
— Claude Grahame-While— r^uiH Puiilban — (Clifford B. 
Harmon — Walter Bnxikins — Jobn B. Muiaaut^ — J. Arui' 
Btrong Drexel — Ralph JobnstoDe. 



ON Jauiiary 1, 190!), it would Iiave been a briL-f 
task to write a few biographical notes about 
tbe "prominent" aviators. At tbat date tbere were 
but five wbo had made fliglits excreeding ten minutes 
in iluralton^ — the Wright brothers, Faruiun, Dela- 
grange, and Bieriot. .\t the close of 11)10 the roll of 
aviators wlio have distinguished themselves by win- 
ning prizes or breaking previous records has increased 
to more than 100. and tbe number of qualified pilula 
of flying maebines now numbers over 300. The im- 
possibility of giving even a mention of the notable 
airmen in this t-bupter is apparent, and the few wliose 
names have been selected are those who have more 
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recently in our own country come into larger public 
notice, and those of the pioneers whose names will 
never lose their first prominence. 

THE WRIGHT BBOTHEBS. 

The Wkight Brothers have so systematically 
linked their individual personalities in all their work, 
in private no less than in public, that the brief life 
story to be told here is but one for them both. In 
fact, until Wilbur went to France in 1908, and 
Orville to Washington, the nearest approach to a 
separation is illustrated by a liistoric reniark of 
Wilbur's to an acquaintance iu Dayton, one after- 
noon: " Orville flew 21 miles yesterday; I am going 
to beat that to-dav." And lie did — bv 3 miles. 

Their carlv life in their home town of Davton, 
Ohio, was unmarked by significant incident. They 
were interested in bicycles, and at length went into 
the business of repairing and selling these machines. 

Their attention seems to have been strongly turned 
to the subject of human flight by the death of Lilien- 
thal in August, 1896, at which time tlie ])ress pub- 
lished some of tlie results of his experiments. A 
magazine article by Octave (^hanute, liimself an ex- 
perimenter with gliders, led to corresjxmdence with 



BIOGRAPBIES OF PROMmBNT ABBONAVTS. 381 

I hill), and tlip WrifiLta liegan a aeries of similar in- 
L vestigatioiis with iiioilels of their own biiildiug. 

By litOO tlicy Iia<I succeeded in flying a \s.x^ glider 
I 'hy running wit)i a strini;, bs wil)i a kite, and in the 
[following ypar they had made aonie flights on their 
I gliders, of which they had several of differing types, 
I For two years the Wrights studied and tested and 

disjjroved nearly every fomniln laid dnwn hy scien- 
rtific works for the relations of gravity to air, and 
I finally gave themselves up to discovering by actual 
I trial what the true conditions were, and to the im- 
[provement of their gliders accordingly. Meanwhile 
I'they continued their constant personal practice in 

the air. 

The nio.st of this experimental work was done at 
j Kitty Hawk, N. t'., for llie reason that there the 
I winds hlow more tinjfoniily than at any other place 
I in the United States, and the great sand dnnes there 
I gave the Wrights the needed elevation from which 
I to leap into the wind with their gliders. Conseqnent- 
I Ij, when at last they were ready to try a machine 
I driven hy a motor, it was at this secluded spot that 
tthe first flights ever made hy man with a heavier- 
K'tban-air machine took place. On December 17, 1903, 
■-&eir first machine left the ground nnder its own 
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r, iiml rctiiiiiiicil in tlie iiir fur Iwolvu soooiuls. 
lliia Mtiio "11 (irnjp'L'WB was cvoji Mlower than 
jefore, on acpoinit nf tlio complications atMeil by ilie 
motive power; but bv tlie time iinntlier vpnr linil 
;»a9»e(l lliey were making Higlits whicli lasted five 
ntcs, and bad their niaeliine in such eonlrol tLat 
Rhey coiiIH fly in a circle and make a safe Itmding 
within a fow feet of the spot ilesignated, 

On the 5th of Octoher. IDOr., WiUnir Wright nmde 
iJlis hiatiirio flighl .if -li miles at Dayton. Ohio, Imat- 
Hng *ho record of Orville, made Hie day before, of 
Si miles. Tlip average speed of (hese flights was 3R 
MilcB an hour. No conti^ntion as to the priorit;\- of the 
leviee known as wing-warping can ever act a.side the 
fact Ihat these long practical fligbtH were made more 
year before any other man had flown r>00 feet, 
remained in the air half a miTiiite, wilh a 
J^eavier-lhan-ai^ marbine driven by power. 

The Wrights arc now m IJie hoail ..f nn.- of the 
■'largest aeroplane niiiniifiu'lorifs in ilir wnrhl. and 
■devo(e,tbc larger pari <if ibt-ir litiic lo rcseari'b work 
Un tli« line of the navigation of ihi- air. 



ALBliKTO SANTOS-DUMONT. 

Albeeto Santos-Ddmont was bom in Brazil j 
1877. When but a lad be became intensely int* 
ested in aeronautics, having been aroused by witnes 
ing the ascension at a show of an ordinary hot-ati 
balloon. Within the next few years he had ina^ 
several lri]is to Paris, and in ISfl" made his firt 
aaeent iu a ballwin with the balloon bnilder Machv 
ron, the partner of the famous Laehainbre. 

In ISilR be began the construction of his notaU 
series of dirigibles, which eventually reached twcl^ 
in number. With hie No. 6 he won the $20,000 pri^ 
offered by M. Deutsch (de la Meurthe) for the fiwj 
trip from the Paris Aero Cluh'a grounds to an 
around the Eiffel Tower in 30 minutes or less. Thi 
distance was nearly 7 miles. It is characteristic ( 
M. Santos-Dumont that be should give $15,000 < 
the prize to relieve distress among the jjoor of Pari 
and the remainder to bis mechanicians who had t 
the balloon. 

His smallest dirigible was the No. R, which hew 
7,770 cubic feet of gas; the largest was the No. iff 
which held 80,000 cubic feet. 

In 190.5, when Bleriot, Vniain, and their comradi 
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were striving lu neconiplish flight with machines heav- 
ier than air, Santoa-Dnmont turned his genius upon 

' the same problpm, and on August 14, 1906, he made 
his first flight with a cellular biplane driven hy a 24 
horse-power motor. On November 13th of the same 
year he flew 720 feet with the same machine. These 

> were the first flights of heavier-than-air machines in 
Europe, and the first public flights anywhere. Later 

I ho turned to the monoplane type, and with " La 
Demoiselle " added new laurela to those already won 
with his dirigibles. 

I.OUI8 BLERIOT. 

LoL-ia Bi.EHioT, designer and builder of the cele- 
brated Bjeriot monoplanes, and himself a pilot of the 
first rank, was born in Cambrai, France, in 1872. 
He graduated from a noted technical school, and soon 
attached himself to the group of young men — all un- 
der thirty years of age — who were experimenting 
with gliders in the effort to fly. Tlis attempts at first 
were with the flapping-wHng oonlrivances, but he 
soon gave these up as a failure, and devoted his en- 
ergy to the automobile industry; and the excellent 
Bleriot acetylene headlight testifies to his construct- 
• ive ability in lliat field. 
25 
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Attracted by the experiments of M* Ernest Aich- 
deacon he joined his following, and with Chibriel 
Voisin engaged in building gliders of the biplane 
type. By 1907 he had turned wholly to the mono- 
plane idea, and in April of that year made his first 

leap into the air with a powernlriven monoplane. 
By September he had so improved his machine that 
he was able to fly 600 feet, and in June, 1908, he 
broke the record for monoplanes by flying nearly a 
mile. Again and again he beat his own records, and 
at length the whole civilized world was thrilled by 
hia triumphant flight across the British Channel on 
July 25, 1909. 

The Bleriot machines hold nearly all the sjweil 
records, and uiany of those in other linens of achieve- 
ment, and ^I. Bleriot enjoys the double honor of 
being an euiinently successful iniuinfacturer as well 
as a dauntless aviator of heroic rank. 

GABRIEL VOISIN. 

Gabriel Voisix, the elder of the two Voisin broth- 
ers, was bom in 1879 at Tiolleville-sur-Saone, near 
the city of Lyons, France, lir: was educated as an 
ardiitcct, but early l)ecauie interested in aeronautics, 
and engaged in gliding, stiuiulat(Kl by the achieve- 
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pientB of Pilelit-r, in Englaod, nnd Captain Ferber, 
in hia ovm country. He assisted M, ArchdcHfon in 
Ma experiments on the Seine, often riding the gliders 
which were towe<I by the swift motor boats. 

In 1006 he aasociated himself with his brother in 
(he business of mannfaeturini; biphine inaeliines, and 
in March, 1907, he binmelf made the first long fliglit 
with a power-driven machine in Enropc. This aero- 
plane was built for his friend Deiagrange, and was 
one in which the latter was soon breaking records 
and winning prizes. The second machine was for 
Farman, who made the Voisin biplane fflmoiis by 
winning the Deiitsch-Archdeaeon prize of $10,000 
for making a flight of 1,01)3 yards in a circle. 

The Voisin biplane is distinctive in structure, and 
is accounted one of the leading aeroplanes of the 
present day. 

I.KON nKI.AORAJfUK. 

I^on Dklaoranok was bom at Orleans, France, 
in 1873. lie entered the School of Arts as a student 
in sculpture, about the same time that Henri Far- 
man went there to study painting, and Gabriel Voi- 
sin, architecture. He exhibited at the Sulon, and 
won several medals. In 1!)05, he took up aeronau- 
tics, assisted at the experiments of M. Archdeacon. 
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His first aeroplane was built by Voisin, and I 

hie first flight at Issy, Marcli 14, 1907. I^ss than 

a month later — on April 11 — ^he made a new record 



, and he m^^^l 




for duration of fliglit. remaining in the air : 
minutes and 15 seconds — twice as long as the pre- 
vious record made by Farman. 
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At Kbeiuis, iu liiOil, lie apjK'ared with ii Bteriot 
monoplune, and continued to fly with that type of 
macliine until his dealli. At Donoasler, Enfjland, 
.be made the world record for sjieud up to thut time, 
travelling at tho rate of 49.(1 milea jwr hour, lie 
■Was killed at Bordeaux, Pranec, in January, I'JlO, 
fcy tiie full of his machine. 

IIEKKI FAKMAN. 

HsKKi Fahman, justly regarded as the uiost prom- 
inent figure in the aviation world today, was horn 

Franco in 1873. His father was an Knglishman. 

While a mere boy he became locally famous as a 
bicycle racer, and later achieved a wider fame as a 
fearless and skillful driver in automobile races. In 
,902 he won the Paris-Vienna race. 

In September, 1907, he made hia iirst attempt to 
fly, using the second biplane built by his friend Ga- 

iel V'oisin, and in the following year he won with 
it the Deutsch-ArchdeacoQ prize of $10,000. He 
tben built a machine after bis own ideas, which more 
Jesembles the Wright machine than the Vnisin, and 
with it he has won many prizes, and made many 
'world records. Demands for machines, and for 
teaching tbe art of handling them, have poured in 
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upon him, necessitating 8 continual increase of man- 
ufacturing facilitiee until it may safely be said I 
he has the Inrf^at plant for building flying macliii 
in the world, turning out the largest number of i 
chines, and through his school fur aviators is 
structing n larger number of pupils annually l 
any other similar cstabliahmenL 



ROBERT EBSAULT-PELTEKIE. 

Robert Esnault^Pelterie was born in 188* 
and educated in the city of Paris. He early show 
a mechanical turn of mind, and was interested ] 
ticularly in scientific studies. He became an i 
thusiaat in matters aeronautic, and devoted himsf 
to the construction of gasoline engines suitable foifl 
aviation purposes. After satisfying his ideal in this 
direction with the now famous " R-K-P " motor, lie 
designed a new type of flying machine which 
known as the " R-E-P monoplane." His first fiighj 
were made at Buc in October, UI07, and while tha 
were short, they proved the possibility of ateeringfl 
flying machine so that it would describe a cun 
line — ^at that time a considerable achievement am<q 
European aviators. In April, 1008, he flew fori 
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of a iiiitf, and rcat-lied ji height uf 100 feet. This 
feat eclipiscd all previous records for inonoplanea. 

Hia faiDP, liowtver. rests upon his iiiolors, which 
are quite original in design and i-oustruction. 

COUNT FERDINAND VON ZEi'i'KLJN. 

CoBST Feedinand von Zkpi-ei.i?i was born in 
1838, on the shores of the Lake Constance, where 
bia great airships have bad their initial trials. 

It is an interesting fact that Count von Zt'ppcliu 
niado hia first balloon ascension in a war-balloon at- 
tached to the army corps comuiaiided by his friend, 
Carl Schnrz, during the Civil War. 

It waa only after years of absorbing study of all 
that Inniiau knowledge could contribute that Count 
von Zeppelin decided upon the type of dirigible which 
bears hia name. Under the patronage of the King 
of Wiirteniberg he began his first airship, having 
previously built an immense floating abed, which, 
swinging by a cable, always had its doors facing away 
from the wind. 

The sHcceesful flights of the series of magnificent 
Zeppelin airships have been maiA'ellous in an age 
crowded with wonders. And the misfortune which 
has followed close upon their superb achievements 
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with complete degtruction would long ago Imve iin- 
dono a man of less energy and courage -than tJie 
daimtless Count. It abonld be borne in mind, how- 
ever, that of the hundreds of passengers carried in 
his ships of the air, all have come to land safely — a 
record that it would be difticult to nialch with any 
other form of travel. The aceidenta which liave de- 
stroyed the Zeppelins have never happened in the 
air, excepting only the wTecking of the Deutscfiland 
by a thunderatonn. 

The indefaligable Count is now couatnieting an- 
other airahip with the new alloy, electron, instcnd 
of ahiraiuuni. He estimates that 5,000 pounda' 
weight can be saved in this way, ^^ 

CAPTAIN THOMAS S. IIALDWIN. ^^M 

Captain Thomas S. Baldwin, balloonist and 



aviator, was bom in Missiasippi in 1855. His tirst 
aeronautiL'al experience was as a parachute rider from 
a balloon in the air. He invented the parachute be 
used, and received for it a gold medal from the Bal- 
loon Society of Great Britain. Exhibiting this para- 
chute, Captain Baldwin made an extensive tour of 
the civilized world. 

In 1892 he built bia first airship, a combinatii 



tia^H 




I 
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<if a bolloon, a acrt'w projH?ller, and a bicycle, the last 
to fiiniisli till- motive power. It was uot until 1'M)'2, 
when he installed an automobile engine iu hia air- 
diipt that he siifceeded in making it sail. It was not 
yut dirigilile, however ; but after two years of devising 
and exjieriinenring, he sailed away from Oaklauil, 
Cal., on Angnst 2, 1904, against the wind, and after 
a short voyage, turned and came back to his balloou- 
slied. From this time on be made several successful 
dirigibles, and in lOOS lie met all the requirements 
of the United States Government for a military diri- 
gible, and sold to it the only dirigible it possesses. 

He became interested in the experiments of Ciirtias 
and McCurdy at ITammondsport, in 1908, and aided 
in building the remarkable series of biplanes with 
which record flighls were made. The newer design, 
known as the Baldwin biplane, is unique in the piv- 
oted balancing plane set upright above the upper 
plane, a device entirely (tiatinct from the warping oi" 
other manipulation of horizontal surfaces for the pur- 
jKise of restoring lateral balance. 



OI.EN5 HAMMOND ( 

Glern Haumond Cubtiss was bom at Ham- 
moudsport, N, Y., on the shore of Lake Keuka, iu 
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1878. From boyhood he was a competitor and wi| 
ner in all sorts of races where speed was the suprt 
test. By nature a mechanic, he became noted for I 
ingenious contrivances in this line, and built a serid 
of extremely fast motor-cycles, with one of -which 1 
made the record of one mile in 36§ seconds, whie 
still stands as the fastest mile ever made by man wit| 
any form of meehnnism. 

Through the purchasing of one of his light i 
gines by Captain Baldwin for his dirigible, Curtiaj 
became interested in aeronautical matters, and sex 
built a glider with which he sailed down from 1 
Hammondsport hills. The combination of his niot<^ 
and the glider was the next step, and on July 4, 1908^ 
he flew 1^ miles with the Ju7U' Bug, winning 1 
Sdenlific American trophy. 

Learning that the United States was not to bs i 
resented at the Rheims meet in August, 1909, 
hastily built a biplane and went there. He won t 
first prize for the course of 30 kilometres (18,^ 
miles), second prize for the course of 10 kilometi 
the James Gordon Bennett cup, and the tenth ] 
in the contest for distance. From Rheima he ■ 
to Brescia, Italy, and there won the first prise : 
speed. In all these contests he was matching I 
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biplane agaiust luimojilanes wliieh were acknowleflgpil 
to be a faster type than the biplane. 

On May 2y, IKIO. Mr. Ciirtiss made tiie first slated 
aeroplane tmir lr> take place in this country, travel- 
ling from Albany to New York City, 137 miles, with 
but one stop for fuel. With this flight he won a 
prize of $10,000. 

He has made many other notable flights and stands 
in tile foremost rank of the active aviatjjrs. At the 
same time he is bnsily engaged in the mannfacture 
of the Curtiaa biplane and the Ciirtiss engine, both 
staple productions in their line. 



CHAIlt.BH KEENKY IIAMll 



Charles Keekev liAMiLTON ia jnstly regarded 
as one of the most skilfnl of aviators. He was born 
in Connecticut in 1S81, and showed his "bent" by 
making distressing, and often disastrous, leaps from 
high places with the family umbrella for a paracliute. 

In li)04 he worked with Mr. Israel I.ndlow, who 
at that time was experimenting with gliders of his 
own construction, and when ilr. Lndlow began tow- 
ing them behind automobiles, Hamilton rode on the 
gliders and steered them. Later lie became inter- 
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CBted in ballooning, and uiude a Eoiir of Japan witli 
a small dirigible. 

He early U.-caiiie fanione in the aviation world by 







his Bpectacular glides from a great height. He has 
said that the first of these was unintentional, but his 
motor having stopped suddenly while he was high 
in the air, he had only the other alternative of fall- 
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ing vertically. T!ie aensatinn of the swift glidin;; 
liaving pleased him, he does it frequently " for the 
fun of it." These g;Iides are made at ao steep an 
angle that they have gained the distinctive name. 
" Hamilton dives." 

Hamilton came most prominently before the pul>- 
lic at large with his Higlit from Governor's Island to 
Philadelphia and linek, on June 13, 1910. Follow- 
ing close upon Ciirtias's flight from Alhany to New 
York, it was not only a record-breaking achievement, 
hut helpi'il to estnhlish in this cuuntrv the value of 
the aeroplane as a vehicle for pi ace- to- place joiirney- 
iugs. 

IICBERT l.ATITAM. 

HnBKRT T,AT^A^r, the famous Antoinette pi!ot,'i3 
a graduate of Oxford. His father was a naturalized 
Frenchman. 

His first aeronautical experience was as companion 
to his cou.sin, Jacques Faure, the balloonist, on his 
famous trip from I-omlon to Paris in OJ hours, the 
fastest time ever made between the two places until 
the riement-Bayard ilirigihle surpassed it hy a few 
minutes on October Ifi. litlfl. 

The Antoinette monoplane with which M. Latham 
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has identified himself began with the ingenious en- 
gine of Levavasseur, which was speedily made uae 
of for aeroplanes by Santos-Dumont, Bleriot, and 
Farman. Levavasseur also had ideas about aero- 
planes, and persuaded some capitalists to back him 
in the enterprise. When it was done, no one could 
be found to fly it Here M. Latham^ a lieutenant of 
miners and sappers in the French army, stepped into 
the breach, and has made a name for himself and 
for the Antoinette machine in the forefront of the 
progress of aviation. 

After Tvinning several contests he set out, on July 
19, 1909, to cross the British Channel. After flying 
about haif the distance he fell into the sea. Six 
davs later Bleriot made the crossine: successfuUv, 
and Latham made a second attempt on July 27th, 
and this time got within a mile (►f the Dover coast 
before he again came down in the water. 

He has shown nnsiir])asse(l daring and skill in 
flying in gales blowing at 40 miles per honr, a rec- 
ord which few other aviators have cared to rival. 

ALFRED LKBLANC. 

Alfred Lkblanc, tlie elianipi(m cross-country flier 
of the world, was horn in France in 1879. By pro- 
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fesaion be ia a metallurgist. A friend of Bleriot, 
be became iate rested in monoplane flying, the 
more readily because he was already a skilled bal- 
loonist. 

At the time Bleriot made his historic flight across 
the British Channel, Leblanc preceded him, and, 
standing on the Dover shore, signalled Bleriot where 
to strike th? land. 

He organized Bleriot's school for aviators at Pan, 
and became its director. Its excellence is exliihiled 
in the qnality of its pupils; among them Chavez, 
. Morane, and Aiihnin. 

The achievement throngh which Leblane ia most 
widely known is his winning of the 489-mile race 
over the northern part of France in August. 1010, 
and with the victory the prize of $20,000 ofFered. 



CLAUDE ORAIIAME-WHITE, 

Claitde Ghahame-Wiiite, the most famons of 
British aviators, learned to fly in France, under the 
tutelage of M. Bleriot. Having accomplished so 
much, he went to llourmelon, the Iwntion of Far- 

ninn'a estahlishmont. and made himself equally pro- 
ficient on the Faruian hipliinc, WliiK' in France he 
taught many pupils, among them Armstrong Drexel. 
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Returning to England, he opened a school for Ki^ 
lish aviators. 

He came into prominent public notice in his t 
test with Paulhan in the rare from London to Hoi 
cheater, and although Fanlhan won the prii 
Grahame-White received a full share of glory 
his plucky persistence against discouraging misbapl 

At the Boston-Harvard meet, in September, 19l4 
GrahameWhite carried off nearly all the prizes, avi 
in addition won for himself a large measure of pe^ 
snnal popularity. 

On October 14th he flew from the Benning Kafl 
Track 6 miles away, over the Potomac River, arounjl 
the dome of the Capitol, the Washington Jloiiument, 
and over the course of Pennsylvania Avenue, up to 
the Slate, War, and Kavy Department buildioj 
alighting accurately with his 40-fooI biplane i 
60-foot street. Having ended his " call," he mountf 
bis machine and rose skilfully into the air and i 
tnmed to his starting point. 

At the Bebnont Park meet, in October, Graham 
White captured the international speed prize wfl 
his 100-horse-i>ower Bleriot monoplane, and finishi 
second in the race around the Statue of Libert 
being beaten hy only 43 aei'onds. 
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L0DI8 TArLHAN. 

Louis Paclhan was, in January, 1909, a me- 
chanic in Mourmelon, Trance, earning the good 
wages in that country of $15 per week, lie became 
an aviator, making bis first flight on July 10, 1909, 
of H miles. Five days later ho flew over 40 miles, 
remaining in the air 1 hour 17 minutes, and rising 
to an altitude of 357 feet, then the world's record, 
He flew constantly in public through the remainder 
of 1909, winning many prizes and breaking and 
making records. 

In January, 1910, he was the most prominent avi- 
ator at the Los Angeles meet, and there made a new 
I world's record for altitude, 4,166 feet. 

Within the 13 months and 3 weeks (up to Octo- 
ber 1, 1910) that be has been flying, he has won 
over $100,000 in prizes, besides receiving many 
handsome fees for other flights and for instruction 
to pupils. 

CLIFFORD B, H.MtMON. 

Cliffohi) B. Haemo?! lias the double distinction 

I of being not only the foremost amateur aviator of 

America, but his feats have also at times excelled 

I those of the professional airmen. On July 2, 1910, 
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I ; Mr. Ilariuon made a continuous flight of more than 

|i' 2 hourSy breaking all American records, and this he 

i' held for several months. 

Mr. Harmon's first experience in the air was as 
a balloonist^ and in this capacity he held the dura- 
tion record of 48 hours 26 minutes for a year. On 
this same voyage, at the St. Louis Centennial, he 

fj made a new record in America for altitude attained, 

24,400 feet 

At the Los Angeles aviation meet, in Jannaxy, 

jjl 1910, where he went with his balloon New Yorky he 

met Paulhan, and became his pupil. At that meet 
Paulhan made a new world's record for altitude with 
a Farman biplane, and this machine Mr. Harmon 
bought, and brought to ilineola, L. I., where he 
practised assiduously, crowning his minor achieve- 
ments by flying from there across Long Island Sound 
to Greenwich, Conn. 

At the Boston-Harvard aviation meet, in Septem- 
ber, 1910, ilr. Harmon won every prize offered to 
amateur contestants. 



I 



WALTER BROOKTXS. 



Walter Brookins is one of the youngest of noted 
aviators. He was born in Dayton, Ohio, in 1890, 
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and went to seliool to Miss Katherine Wright, sister 
of the Wriglit brothers. Yonng Walter was greatly 
interested in the experiments made ty the Wrights, 
and Orville one day promised him that when he grew 
up they would build a iiying machine for him. 
Brookins appeared at Dayton in the early part of 
1010, after Beveral years' ahsenee, during whic-h he 
had grown up, and demanded the promised flying 
machine. The Wrights met the demand, and devel- 
oped Brookins into one of the most successful ^Imer- 
ican aviators. 

Brookins's first leap into prominence was at the 
I Indianapolis meet, in June, 1910, where he made a 
' new world's record for altitude, 4,803 feet. Thia 
l)eing beaten soon after in Europe, by J. Armstrong 
Drexel, with 6,600 feet, Brookins attempted, at At- 
lantic City, in September, to e.\cel Drexel's record, 
and rose to a height of 6,175 feet, being forced to 
come down by the missing of his motor. 

On September 23, 1910, he left Chicago for 
Springfield, 111. He made two stitjis on the way 
for repairs and fuel, and reached Springfield in 7 
hours 9 minutes elapsed time. Ilia actual time in 
the air was 5 hours 47 minutes. The air-line dis- 
I taoce between the two cities is 1S7 miles, but as 
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Brooking flew in the face of a wind blowing 10 miles 
an hour, he actually travelleil 250 miles. During 
the jmiruey Brwikina inntle a new cpnsB-fronntry rec- 
ord for America in a wiutiniioiis flight for 2 h^ora 
38 niiuutes. ^HH 



John B. Moisant is an architect of Chicago, bom 
there of Spanish parentage in 18H3. Becoming in- 
terested in aviation, he went to France in 1900, and 
began the conatnictinn of two aeroplanes, one of tbeni 
entirely of metal. He started to learn to fly on a 
Bleriot machine, and one day took one of his mechan- 
icians aboard and started for l^ndon. The mech- 
anician had never before been up in an aeroplane. 
After battling with storms and repairing consequent 
accidents to his machine, Moisant landed his passen- 
ger in London three weeks after the start. It was 
the first trip between the two cities for an aeroplane 
carrying a passenger, and although Moisant failed 
to win the prize which had been offered for such a 
feat, he received a great ovation, and a speeial medal 
was struck for him. 

At the Belmont Park meet, in October, 1910, 
Moisant, after wrecking his own machine in a gale, 
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climbed into I.eblanc's Bluriot, wbit-li liad been ae- 
etircd for liim but a fow ruiniiles before, and made 
tbo trip around tbe Slatne of Liberty in New York 
Bay and returned to the Parii in 34 minutes 38 sec- 
onds. As tbe distance is over 34 miles, tbe aj^eed was 
nearly a mile a minute. This feat won for him, and 
for America, tbe grand prize of tbe meet — $10,000, 



J. ABMBTROHQ DRF.XEl.. 

J. Akmsteono Dbexel ia a native of Philadel- 
phia, He was taught to fly a Bleriot macliine at 
Pau by Grahame-White, and he has frequently sur- 
passed his instructor in contests where Iwith took part. 
At tiie English meets in 1910 he won many of tbe 
prizes, being excelled in this respect only by Leou 
Morane. 

At Lanark, Scotland, he established a new world's 
record for altitude, 0,600 feet At the Behnont Park 
meet he passed hia former record with an altitude 
of 7,185 feet, making this the American record, 
ihuugh it had lieeu excelled in Eurojie. At Phila- 
delphia, November 23, 1910, he reached an altitude 
of 0,U70 feet, according to the recording barometer 
be curried, tbiia making a new world's record. This 
rd was disputed by the Aero Club, and it may 
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Ih! n.liiiT'd. A luillioniiiic, lit- tlifs fur slict-r Iuv« of 
tlio spurt. ^^^ 

UAl.l-U .lOll.NtlTONK. ^^H 

Kai.i'u .l<iiiN«TONE was Itom iu Kmisas City. Mo^ 
in isso. Ho became au expert fait-yclo rider, ami 
travi'llfd extensively in many countries giving exhi- 
bitions of trick bicycle riding, including the feat 
known as " looping the loop." lie joined the staff 
of ttic Wright Brothers' aviators in April, 1010. and 
apeediiy becHUie one of the moat akilful aeroplane 
operators. 

He made a specialty of altitude flying, breaking 
his former records day after day, and finally, at the 
International Aviation Jleet at Belmont Park, L. I., 
in October, ll'lO, he made a new world's altitude 
record of 0,714 feet, surpassing the previous record 
of 9,121 feet made by Wynmalen at Mourmelon 
on October 1st 

Johnstone was instantly killed at Denver, Col. 
on November 14, 1910, by a fall with his machine 
owing to the breaking of one of the wings at a 
height of SOO feet. 



Chapter XIX. 

- 1 
CHRONICLE OF AVIATION ACHIEVEMENTS. 

HOW h-Mf ll.G start, aiui limv woiulroiisly rapiil 
the growth of the art of flying! Xothing can 
belter convey a full idea of its beginnings and its 
]»rogre93 than the recorded facts as given below. 
And these facts show beyond dispute that the credit 
of laying the foundation for every accomplisliment 
in the entire record miiat be largely dne to the men 
whose names stand alone for years as the only acro- 
planists in the world — tlie Wright Brothers. 

After the first flight on December 17, 1903, the 
Wrights worked steadily toward improving their ma- 
chines, and gaining a higher degree of the art of 
balancing, without which even the most perfect ma- 
chines would be useless. Most of their experiment- 
ing having been done in secret, the open record of 
their results from time to time is very meagre. It 
may be noted, however, that for nearly three years 
no one else made anv records at all. 
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The next uamc to H|>[>eur on the roll is lliat ( 
Santoa-Dtimojit, already famous for lii^ rciuarkab] 
achievements in building and navigating dirigil 
hulloons, or airahips. Hia first aeroplane flight ^ 
on August 22, 1906, and was but little more tbaj 
rising clear of the ground. 

It wiis'nearly seven months later when Delagran) 
added his name to the three then on the list of pn 
tical aviators. In about five months Bleriot 
. them, and in a few more weeks Farman had plai 
his name on the roll. It is interesting to compaiiJ 
the insignificant figures of the first flights of the* 
men with their successive feats as they gain in ( 
[KTience, 

Up to October 19, 1007, the flights recordwl haj 
been made with machines of the biplane type, but <i 
that date, R Esnault-Pelterie made a few shai 
flights with a monoplane. A month later Santd| 
Dumont had gone over to the monoplane type, 
the little group of seven had been divided into tw 
classes — five biplanists and two monoplanists. 

On March 29, 1908, Delagratige started a neV 
column in the record book by Inking a passenger i 
with liini, in this case. Fnrman. They flew only 4 
feet, but it was the beginning of passenger carryil 
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Duriu}; flie first bIx montlis of 1U08 only two more; 
names were added to tlic roll — Baldwin and Mi:- 
Curdy — both on the biplane side. On Jidy 4, 1908, 
Curliea ocimea into the circle with his first recorded 
flight, iu which he uaed a biplane of his own con- 
struction. The same day in France, Bteriot changed 
to the ranks of the munoplaoe men, wilh it Hight 
measured in miles, instead of in feel. Two days 
later, Fannan advanred his distanpt' record from 
1.24 miles to 12.2 miles, and his speed record from 
about 21 miles an hour to nearly 39 miles an hour. 
In two days more, Delagrange had taken up the first 
woman passenger ever carried on an aeroplane; and 
a month later, Captain L. F. Ferber had made bis 
first flights in public, and added his name to the 
growing legion of the biplanist.'s. 

In the latter part of UK)>*, the Wrights seem to 
take possession of the record — Orville in America, 
and Wilbur in Europe — surpassing their own previ- 
ous feats as well as those of others. Bleriot and Far- 
man also steadily advance their performances to a 
lore distinguished level. 

The record for 1900 starts off with three new 

names — Moore-Brabnzon, and I^gagneux in France, 

I and Cody in England. Richardson, Count dc I.am- 
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bert, Calderara, Latliain, Tissandier, Rougicr, joii 
the ranks of Ihe aviators before the year is half gone 
and a few days later Soimiier and Paiilhan add ther 
names. 

Of iheso only Latham flies the monoplane type « 
machine, but at the Rheims tournament Dela^angt 
appears as a monoplantst, increasing the little groiif 
to four ; but, with Le Blon added later, they perform 
Boinc of the most remarkable feats on record. 

The contest at Rheims in August is a eucceasion oi 
record -breaking iind rccnrd-iniiking achievements. 
But it is at Blackpool and Doncaster that the most 
distinct progress of the year ia marked, by the dai^ 
ing flights of Le Blon and Latham in fierce gales. 
Spectators openly charged these men with foolhardi- 
ness, but it was of the first importance that it should 
be demonstrated that these delicately built machines 
can be handled safely in the most turbulent weather; 
and the fact that it has been done successfully will 
inspire every other aviator with a greater d^ree oi 
confidence in his ability to control his machine ic 
%vhatever untoward circumstances ho may be placed 
And such confidence is by far the largest element ii 
aafe and successful flying. 
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WlATIUff KEC'OKUS TO CLOSE I 



' 1010 



December 17, /903— Wilbur Wrighl with biplane, 
at Kitty Hawk, N. C, makes the firat successful 
flight by man with power-propelled machine, a 
distance of 852 feet, in 59 seconds. 

November 9, 1004 — Wilbur Wright with biplane, at 
Dayton, O., flies 3 miles in 4 minutes and 30 sec- 
onds. (He and Orville made upward of 100 un- 
recorded flights in that year.) 

September 26, 1905 — Wilbur Wright with biplane 
" White Flier," at Dayton, O., flies 11 miles in 
IS minutes and 9 seconds. 

Scpicmbcr 29, 7005— Orville Wright, witli 
Flier," at Dayton, O., flies 12 miles iu 
utes and 55 seconds. 

October $, 1905 — Wilbur Wright, with 
Flier" at Dayton, O,, flies 15 miles in 
utes and 5 seconds. 

Oclobe-T It, /905— Orville Wright with biplane 
" White Flier," at Dayton, O., tlics 21 miles in 
33 minutes and 17 seconds. 

October 5, i905— Wilbur Wright with '■ White 



' White 



" White 
25 min- 
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Flier," at Paylon, O., flies 34 miles in 38 miii- 

iiti?H. (lie- niiitic many unretrurded fligliU in tbnt 

year. ) 
August 22, 1006 — A. SantOM-Duinoni, witli biplane 

al Bagatelle, France, iiindc tiia lirst public Higln 

with an aeroplane, hariliy mure tLau rising clear 

of the ground, 
September H. 79t)«— Saiilns-Uiimont with bipbine, 

at Bagatelle, flies for ^ seconds. 




OclobiT HJf, /yOC^Santos-Diiniont with biplane^] 
Bagatelle, flies 160 feet in 4 seconds. 

November IS, 1906 — Santos-IJiiniont with biplane, 
at Bagatelle, flies 723 feet in 31 seconds. This 
feat is recorded as the first, aeroplane fligbt iniide 
in Kiirope. 

Mnrch 10. 1007 — I.eon Helagrange with first ' 
bii.lane, at Bagatelle, flies 30 feet. 



1 
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^Auijust 6, 1907 — Louis Bleriot witL a Laiigley ma- 
eliine, at. I9s,y, France, fliee 470 feet, 

I October 15, 1907 — Henry Famian witli biplnne. at 
Isay. fliea 937 feet in 21 seconils. 
October 19, 1907 — R. Esnault-Pclterie with mono- 
plane, at Bue, France, makes short flights. 

I October 26. 1907 — Farman with biplane, at fssy, 
fliea 2,529 feet in a half circle, in r.2 Beconds. 

INovember 17, 1907 — Santos-Dumont with biplane, 
at lasy, makes several abort flights, the longest 
being about 500 feet. 
November 21, 1907 — Santos-Dumont with mono- 
plane at Bagatelle, makes several short flights, 
the longest Ix'ing about 400 feet, 

I January IS. 1908 — Farman wilh biplane, at Issy, 
makes ihe first flight in a circular course — 3,^7!> 
feet in 1 minute and 28 seconds. 

\M'trch 12, 1908— T. \V. Baldwin with biplane ■' Red 
Wing," at IlammondsiKtrt, N, Y., flies 319 feet- 

tMarch 21, 1908 — Fannan with biplane, at Issy, flies 
1.24 miles in 3 minutes and 31 seconds. 
ilatrh 29, 1908 — Delagrange with biplane, at 
Ghent, Bclgiuiu, makes first recorded flight wilb 
imo paaeenger (Farman), 453 feet. 

L^;)n7 11, 190S — Belngrange witli biplane at Issy. 
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-fii^H 



iAS miles in II miiiutes aiuJ .'JO s 

ning the Archdeacon cup. 
May 18, 1908— ^. A. I). Mcfiirdy with hiphi 

" White Wing " at UnminondBpftrf, fliea M 

feet. 
May 27, 1908 — Dolagrange with biplane, nl BoiO 

in the presence nf the Kiiit: '•{ Italy, flies 7. 

toiles in l.'j niinuii- ami l^:> -ii-iitul-. 




Afaij 31). was — Fiirniiiit wilh lii[ilane, at GlienI 

flies 0.77 miles wUh one jiassenger (Mr. Arcfc 

deacon), 
June 8, 1908 — Esnaiilt-Pelteric wilh monoplane, i 

Biic, flies 0.75 niilc.i, reaohinii; im iiltitnde of 1(J 

feet. 
June 22, 1908—J^i-\&^imin- wllli hi]iliine» at Milai 



4 
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Itnly, flies 10,5 niilcs iii 115 iiiiiiiilox and :W scc- 
onds. 
^uly i, J905— Glenn H. Ciirtiaa with liiplane, at 
Hammondsport, flics r>,Ol>0 feci, in 1 niiiiiilc and 

, winninj: S'-i.niiin- A im ricfin nip. 




fvly 4. 190S — Bleriot with monoplane, at laav, fliea 
3.7 inii«3 in 5 miniitea and 47 swnnds, making 
several circles. 

'ifuhj 6, J0OS— "Fiinnnn in hiplane, at Ghent, flies 



MsjnBW 
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1^.2 miles in 19 minutes and St 

the Armengand prize. 

July 8, 1908 — Delagrange witk-biplme, at Tnni^ 
Italy, ilies 500 feet with the first woman [mmb- 
gor ever carried on an aeroplane— Mrs. FbHia'. 

August 8, J90S— Wilbur Wright with biplane, at Lb 
^lans, France, makes several short flighta to 
prnvo the ease of control of hU machine, 

August 8, 1908 — L. F. Ferber with biplan^ at ta^, 
makes first trial flights. 

Scpiemher 8, 1908 — Delagrange with biplane, at 
Issy, flies 15.2 miles in 29 minutes and 52 sec- 
iimls, l)etiting existing French records, 

Septcmhrr S, 1908— OrwiWe Wright with biplane, at 
Fort Jlyer, Va., flies -iO miles in 1 hour and 3 
minutes, i-Ialng to 100 feet. 

September 0. 10, 11, J 005— Orville Wright .with bi- 
plane, at Fort llycr, makes several flights, in- 
creasing in (htration from 57 minutes to 1 hour 
ten niiimtcs anJ 2+ seconds. 

September 12. JSO.S— Oreille Wright with biplane, 
at Fort llycr, flics 50 miles in 1 hour, 14 
minutes and 20 seconds, the longest flight on 
record. 

September 12, J.W5— Orville Wright tv-ith biplane, 
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uiuulcs am! (i neci'iida 
■ Squier), making a 



I 



at Fort Myer, flies fur 'J i 
with one passenger (Majoi 
new record. 
\ptemher 17, 1908 — Orville Wright with biplane, 
Fort Mjer, flies 3 miles in 4 minutes, witli 
Lieutenant Setfridge. The machine fell: Self- 
ridge was killed and Wright severely injured. 

September 19, 190S—\.. F. Ferber with biplane, at 
Issy, flies 1,640 feet. 

September 21, 190H — Wilbur Wright with biplane, 
at Auvours, flies 41 miles in 1 liour and 31 min- 
utes. 

September 35, 1908 — Wilbur Wright with biplime, 
at r^ Mans, France, flies 11 minutes and 3.1 sec- 
onds, with one passenger, making a new reeord. 

October 3. 1908 — Wilbur Wright with biplane, at 
Lo Mans, France, flies 55 minutes and 37 sec- 
onds, with one passenger, making new record. 

October 6, 1908 — Wilbur Wright with biplane, at Le 
Mans, flies 1 hour 4 minutes and 26 seconds, 
with one passenger, breaking all records. 
October 10, J90S— Wilbur Wright with biplane, at 
Anvours, flies 46 miles in 1 hour and minutes, 
with one passenger {Mr, Painleve). Also carried 
35 others on different trips, one at a lime. 
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Oclobvr Jl, lOOS — Bleriot with monoplane, at 
Toiiry, France, flies 4.25 niilea in 6 minutes and 
40 seconds. 

October SO, 1908 — Faniian with biplane at Chalons, 
France, makes a flight across country to Rlieinis 
— 17 miles in 20 minutes. 

October SI, i905— Farnian with biplane, at, Cha- 
lons, flies 23 minutes, reaching a height of 82 
feet, 

October SI, 190S — ^Bleriot with monoplane, at 
Toury, flies 8.7 miles to Artenay, in 11 minures. 
lands, and returns to Toury. 

December IS, 190S — Wilbur Wright with biplane, at 
Auvoura, flies 62 miles in 1 hour and 54 min- 
utes, rising to 360 feet — making a world reconi. 

December 31, 1908 — Wilbur Wright with biplani-, 
at Le Mans, flies 76.5 miles in 2 hours 18 min- 
utes and 53 seconds, making a new world record 
and winning the Hichelin prize. The dists] 
traversed (unofficial) is claimed to have I 
tually over 100 miles. 

January 28, 1909 — Moore-Brabazon with biplane 
at Chalons, flies 3.1 miles, in practice wiUi « 
Voison machine. 

Pebruaj-y IJ,, 1U09 — Legagueux with biplai 
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MoiinncioD, Frant^, flies 1.2 miles, ant! in a sec- 
ond flight of 6.2 mile» (10 kilometres), traecs 



Febniary 22, !909^ii. F. Cotly with Iiiplane, at AI- 

dersimt, Enjilaml, ilk's 1.200 feeb iti a 1'2-mile 

wind. 
February ^3, 1909^J. A. D. llcCiinly, with ths 

biplane " Silver Dart/' at Baddeck, Cape Breton, 

flies 2,640 feet. 
February 34, 1909 — SIcCiirdy, with the biplane 

" Silver Dart," at Baddeck, flies 4.5 miles. 
February 2^, 1909 — Moore-Brahazon, with hiplane, 

at Issy, flies 1.2 miles, tracing two circles. 
February 28, 1909 — Moore-Brabazon made several 

flights at laay. 
March S, 1909 — McCurdy, with biplane " Silver 

Dart," at Baddeck, made five flights, the longest 

ahont 8 mites in 11 minutes and 15 seconds. 
March 10, 7909— San tos-Dumnnt, with monoplane 

" Libellule," at Bagatelle, flies 1,300 feet. 
March 11, J909— W. J. Richardson with a new 

form of aeroplane, at Dayton, O,, flies for 38 

minutes, rising to a height of over 300 feet. 
March 11, J909— MeCiirdy with biplane "Silver 

Dart," at Baddeck, flies 10 miles in 22 minutes. 



ri^i 
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March 17, 1909 — Clount dt- l^mbcrt (piiijil of Wil- 
bur Wright) inniie his first flight nUme in bi- 
ptam>, at Pan, France. He rpinained in the air 
3 niinuteB. 

Marrh /.f, /IW9— Mct'ii 
Dan," at BadiJeck, t 
iXK-ord fif an even I.OIV 
a period of 10 months. 

March 18, 1909— F. W. 
vcr Dart," at Baddcel 

Man-h 20, 1909— VCiWmr 



, with biplane " Silver 
10 milps, eompleting i 
inilos in flip nil- within 

hvin wilii liiplaiie " Sil- 
nade a short flight. 
Mght, with biiilaop. at 



Pau, succeeds in rising from the ground without 

the starting device previoualy nsed. He makes 

several flights, 
March 24, 1909 — Oonnt de Lambert with biplane, 

at Pail, flies 15.6 miles in 27 minutes and 11 

seconds, 
April 10, 1909 — Santos-Bnmont with monoplane 

" Demoiselle," at St. Cyr, France, flies 1,2 miles. 
April 13, 1909 — Count de Lambert with biplane at 

Pau, flies for 1 minute and 30 seconds, \vith ono 

passenger (Jjeon Delagrange). 
April 16, i909— Wilbur Wright with biplane, at 

Kome, Italy, made many flights, taking up niany 

passengers, one at a time. 
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April 37, ]90y — Legagneiix with Voisin biplauo, at 
Vienna, flies 2.5 miles in -i minutes and 2C sec- 
ond s. 

April 28. W09 — Lientcnimt Mario Caliierara (pupil 
of Wilbur Wright) with biplanp, at Rohil-, iimilo 
liis first public flight, remaining in tlip air 10 
iiiiuiites. 

April SO, Jfl09— Iloore-Bralmzt.n with biploue, in 
England, flies 4.5 miles. 

May li, lOOO^-S. F. Cody, with the army biplane, 
at Aldersliot, flies 1 mile. 

May 19, 790&— Hubert Latham, with Antoinette 
monoplane, at Chalons, flies 1,640 feet. 

May SO, 1909— P&ul Tissandier (pupil of Wilbur 
Wright) with biplane at Pan, flies 35.7 miles. 

May 23, 1909 — Delagrange, with biplane, at Ju- 
visay, flies 3.6 miles in 10 minutes and 18 sec- 
onds, winning the Lagatineri prize. 



May M. i909— Henri Kougiei 



i-ith biplai 



, at Ju' 



viasy, flies 18.6 milea (30 kilometres). 



May SO, 1909 — Bleriot, with monoplane at Issy, 

flies 8.7 miles. 
June 0, 1909 — Latham, with monoplane, at Chalons, 

flies for 1 hour 7 minutes and 37 seconds in wind 
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June 6, 1909 — I-atham, with monoplane, at Juriaq 

flies 10 miles across eouutrv. 
June 12, 7909— Latham, with monoplane, at Ji 

viaay, flics 30 miles in 3U minutes, winning th 

Goiipy prize, 
Jutip 12, 1909 — DphifrranRC, wilh biplaup. at Ji 

vissy, makes cniss country fliftlit of 3,7 itiiles. 
June 12, 1009 — Bleriof, with munoplane, at •Tnviasj 

flies 984 feet, with two passengers — Saut(»-Dc 

uifjnt and Fouriiior. 
June 13, 1900— FcAm; with Voiaiu hipliuie. at Jv 

vissy, flies 3.1 miles in 5 minutes and 30 set 

onds. 
June 19, J 909— -Santos-Dinnont, with monoplane, a 

Issy> makes se^'cral flights. 
July 4, 1909 — Roger Sominer with biplane, at Chs 

Ions, flies 3,75 miles on Farman machine, 
July 10, 1909 — Lonis Paulhan, with biplane, a 

Douai, France, makes his first flight — 1,25 iniles 
July 13, 1909 — Ciirtiss, with biplane, at Mineols 

L. I., flies 1.5 miles in 3 minutes. 
July 13, 7909— Bleriot, with monoplane, at Mondt 

sir, makes a flight of 2(i miles across country ii 

44 minutes and 30 seconds. 
July 15, 1909 — Paulhan with biplane, at Douai 



flies for 1 niinute and 17 seconds, soaring lo nn 
altitude of 357 feet. 

i^July 17, 1909— Orvilh Wright, witli biplane, at 
Fort Myer, flies 16 minutes and 40 seconds, at a 
speed of 40 miles an hour. 
July 17, 1909 — f.'urtias, with biplane, at Mincfila, 

I makes IS miles in 21 mimites, desfribing circles 

I in both directions, as in the figure 8. 
July IS, 1909 — Curtiss, with biplane, at Hempstead 
Plains, L. I., flies 29J miles in 52 minutes and 
30 seconds, a flight exceeded only by the WrijfblH, 
in America, and Bleriot, Latham, and Paulliuu, 
in Kurope. 
July IS, 1909 — Farman, with biplane, at Chalons, 
flies for 1 hour and 23 minutes, making bis first 
long flight. 
July IS, 1009 — Somnier, with biplane, at Chalons, 
makes his Iimgest flight — 1 hour and 40 minutes. 
July 19, 1909 — Latham, with monoplane, at Calais, 
France, makes hia first attempt to cross the Chan- 
nel to Dover. He flies 11 miles, and then his 

I machine falls into the sea. 

! July 19, 1909 — Paulhati, witli biplane, at Doiiai, 
makes a cross-country flight of 12.1 miles in 22 
minutes and 53 seconds. 



ii^n 
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July 20. ;909— Orville Wrij^ht, with biplane, 

Fort Mjer, flies 1 hour and 20 ininutes. 
July 21, J900— Orvillc Wright, with biplun.-. 

Fort Mypr, flics 1 hour and 2U minuttv, 
July 21, 190'J — K. I^febvre, with biplHiie, at 

Ilaye, France, flies 2 iiiilua. 
July 21, 1909— S. F. C-iv, willi biplane, at Alt 

shot, flies 4 miles. 
July 2S, 1909 — Famian, with biplane, at Chalc 

makes a cross-country flight to Suippes — 

miles in 1 hour and five rainutca. 
July 23, J909— Paulhan, with biplane, at Dot 

flies 43,5 miles in 1 hour 17 minutes and 

seconds. 
July 3i, 1909 — Curtins in biplane, at Hempstt 

Plains, flies 25 miles in 52 minutes and 30 s 

onds, winning the Scientific American cup ■ 

second time. 
July 25, 1909 — Bleriot, with monoplane, at Call 

flies to Dover, England, across the English Ch; 

nel — 32 miles in 37 minutes. 
July 27, J909— Orville Wright, with biplane. 

Fort llyer, flies 1 honr and 13 minutes, with » 

passenger, securing acceptance of Wright i 
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chine bv U. S. Government on the dunition spe- 
cifications. 

July 27, 1909 — I.atliaiti, with monnplune, ut Calais, 
flies 20 miles in a second attempt to cross the 
Kuglish Uhuuncl. When near Duver the machine 
fell. 

Julif 27, 1909 — Sommer, with biplane, al Chiilonf'. 
flies to Vadenay and back^iio miles in 1 Imiir 
23 minutes and 30 seconds. 

July 30, ;909— Orville Wright, with biplane, at 
Fort ilj'er, established a world record with one 
jiasaenger in a eross-coimtry flight to Slmter's 
Hill and back — about 10 miles in 14 minutes and 
40 seconds, a speed of about 42 miles an hour — 
winning a bonus of $25,000 from the tJ. S. Grov- 
ernment. 

August 1, 1009 — Sommer, with biplaui-, iit Chabms 
fiiea 1 hour 50 minutes and 30 seconds, at ai: 
averagf height of XO feet, over a distance esti 
mated at 70 miles, surpassing all French records. 

Augiat 2, 1900 — JlcCurdy, with a new type of 
chine, at Petawawa, makes several flights. 

Aui/usl 2. 1909— F. W. Baldwin, with biplane, 
Petawawa, makes several short flights. 
ugust 2, 1909 — Sommer, with biplane, at ('hah 
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flies to Snippes — !J uiites, al ihe rate of -45 inih 
an hour. 

Auijuai 4. Iff09 — Sominer, -with biplane, at Cbalon 
in the effort to lieat Wilbur Wright's re«>n 
flics for 2 hours niiniitc?a and 10 serond 
(Wright's record flig I was 2 hours 20 miniiU 
ami 23 seconds, made on ])ecomt>er 31, 1008). 

Auffu-st 0, 1909 — E. Bun iii-Varilla, with Voisin b 
plane, at Chalons, flies for 15 minutes, 

August 0. 1909 — I^gagneux, with biplane, «t Stoel 
holm, flies with one i>as«rup:er, 3,280 feet. 

August 6, 1909 — Paulhau, with biplane, at Dunkei 
que, France, flics for 18 minutes and 20 secondf 
rcacliing an altitnde of 200 feet. 

August 7, 1909 — Panlhan, with Voisin biplane, a 
Dunkerqne, flies 23 miles in 33 minutes. 

Aur/usl 7, 1909 — Sommer, with Voiain biplane a 
Chalons, flies for 2 hours 27 minutes and li 
seconds, making new world record for duration. 

August 13, J909— Charles F. Willard, with biplane 
at Hempatead Plains, made the longest cross 
country flight on record for America — about IS 
niilea in IS) minutes and 30 seconds. The break 
ing of his engine caused him to come down. He 
landed without mishap. 
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August 22, 1009 — Somioer, witli bijilnne, at Itlieims, 
France, flies 1 lioiir 19 mimirea and 30 aeconds. 

August 22. if>09— I^gag:neux, with biplane, at 
Itheinis, fliea fi.2 miles in 9 minntea and 56 aec- 
(inrfs, winning third prize for speed over course 
of 10 kilometres. 

Augmt 22, 1909 — Tissandier, with biplane, at 
Rheims, flies 18.6 miles in 3!) minutes. (Pie 
won with ihia record the third prize for speed 
over 30 kilometres.) 

August 22. 1909 — E. fiiman-Varilla, with biplane, 
at Kbeims, flies IS, 2 miles in 13 minutes and 30 
seconds. (With this record be won the thirteenth 
pHze for speed over course of 10 kilometres.) 
ugust 23, 1909 — Delagrange, with monoplane, at 
Rheims, flies 6.2 miles in 11 minutes and 4 sec- 
onds. {ITe won the tenth priae for speed over 
10 kilometres. ) 

August 23, 1909 — Curtiss, with biplane, at Rheims, 
flies fi.2 miles in 8 minutes and 3.5 seconds — a 
speed of 42.3 miles an hour^ — beating the record 
for speed over course of 10 kilometres. 

August 2S, J soft— Paul ban, with biplane, at Rheims, 
flies 18.fi miles in 38 minutes and 12 seconds, 
reaching an altitude of 295 feet. 
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P flies 112 milps in :J li<-iirs 4 minutes ami 57 sec- 
nnds, (ThiH record won for liini tlic tirst prize 
for duration of iliglit. ) 


i 


-' «^^^^ 




^KuffUj^ 27, 7.909^ — Latliani, with monopliuie, at 
H Rbeima, flies to an i.Ilitii(l(! of 508 feet. (With 
^H tliia record he won first prize for altitude.) 
^bu^uaf 27, 1909 — Ddagranfre. with inonopliine, at 
^M Eheims, flit-s 31 miles. (With this record he won 
^^B the eiglith prize for duration of flight) 


1 
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August 27, 1909 — Soinmer, with bip]anc, at Rhi 

flies a? milcB. Ho won tiie aoventh prize fa 

tance. 
Aufjust 27, ;e09— Tiasandicr, with biplane 

Klteiius, flies 611 miks. (This record won for 

tlie sixth prize for stance.) 
August 27, 3909 — r-efcbvrc, with biplane, 

ilbrima, flies 12.4 miles in 20 minutes ant 

sLvoiititi, [tsbibiting xeat daring and skill. 

was fined for " recklesBness.") 
August 27, 1909 — BWiot, with monoplane, 

Klicima, flics 25 niili;s iu 41 minutes. (Tliis 

ord won for him the ninth prize for dist) 

flown, ) 
August as, 1909 — Lef ebvre, with biplane, at Rhei 

makes a spectacular fliglit for 11 minntcs \ 

one passenger, 
August 28, 19(19 — Curtias, with biplane, at "Rhei 

flies 12.4 milca in 15 minutes and 56 secoi 

winning the Gordon Bennett cup. 
.1 ugust 28, 1 909 — Bleriot, with monoplane 

Itheims, flies 6.2 miles in 7 mimites and 48 i 

onds. (With this record he won the first pr 

for speed over course of 10 kilometres.) 
August 29, J009— Furmnn, witli biplane, at Rheii 
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flies 6.3 miles wilh Two passengers, in 10 minutes 
and 39 seconds, winning a prize. 

August 29, 1909.— Curtiss, with biplane, at Rheims, 
flies 18.6 miles in 2-1 minutes and 30 spponds. 
(With thia record he won the first prize for 
speed over course of 30 kilometres.) 

August 29, 1900 — Curtiss, with biplane, at Rheiras, 
flies 6.2 miles in 7 minutes and 51 flccoiids, win- 
ning the second prize for speed over course of 10 
kilometres. 

August 29. ^909— Rongier, witli biplane, iit Rheims, 
rises to a height of 180 fei^t, winning the fourth 
prize for altitude. 

August 29, J909—E. Bnnan-Varilla, with biplane, 
at Rheims, flies 1S.6 miles in 38 minutes and 
31 seconds, (With this nvord ho won llii' 
eighth prize for speed over course of 30 kiliv 
metres. ) 

'August 29, 1909 — Orville Wright, wilh biplane, at 
Berlin, makes several short flights. 

August 29, J909— S. F. Cody, with biplane, at Al- 
dershot, flies 10 miles with one passenger. 

September 4. J909— Orville AVright, with biplane, 
nt Berlin, flies for 55 minutes. 
teviher a, 1909 — Sommer, with Iiiplane, tit Nau- 
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cy, Frunce, fliea 25 milc« in 35 miniilce. IL-. 
takts up number of passengers, one at u I'lmt^ 

Seplemh/r 7, 1909 — lycftrbvrc, willi biplane, al .In- 
vissT, in killei! liy the breaking of Iiia rnacbinc 
in the air '' - ' ' ' " vii 1,S00 feet. 

September 8. 1909— i iVriglit, with bipLmt, 

at Berlin, flies 17 iiuu with one passeofcr — 

Caplnin HiliJcbrniKlt. 

Seplembvr 8. WOfl—S. y, with hiplane. Ht ;VI- 

dorshot, flips to Farn ;b and baek — iH milw 

in 1 hour and 3 mil This in the first re- 

corded eross-fmintrv ilifriii in Knjilanfl. 

September 9, 1900 — Orville Wright, with biplane, 
at Ttt-rlin, flies f(ir 15 minutes with one passen- 
ger — Captain Enplcliardt. 

September 9, 1909 — I'aidlian, with biplane, at Tour- 
nai, Belgium, fliew 12,4 miles in 17 minutes. 

September 9, 1909^-Ro\\gicr, with biplane, at Bres- 
cia, flies 12 minutes and 10 seconds, soaring to 
a height of 328 feet. 

September 10, 1900 — Sommer, with biplane at 
Nancy, flies 18 miles, accompanying troops on 



September 11, 1909 — Somuier, with biplane, at 
Nancy, flies to I^noncoiirt— 24 miles. 
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September 11, 1909 — Cnrtisa, with biplane, at Bres- 
cia, flies 31 miles in 49 minutes and 24 seconds, 
winning the first prize for speed. 

pepiember 12, 1909 — Rougier, with biplane, at 
Brescia, flies 31 miles in 1 hour 10 minutes 
and 18 seconds, soaring to a height of 380 feet. 

'pepiember 13, 1909 — Calderara, with hiplane, at 
Brescia, flies 6.3 miles with one passenger, win- 
ning a prize. 
September 13, 1909 — Paiilhaii, with biplane, at 
Toumai, flies to Taintigtiies and back in 1 hour 
and 35 minutes. 

September IS, 1909 — Santos-Dunmnt, with mono- 
plane, at St. Cj-r, France, flies 5 miles in 12 
minutes, to Buc, to visit Maurice GiifFroy, on a 
bet of $200 that each would be the first to visit 
the other. 
September 15, 1909 — Ferher, with biplane, at Bou- 
logne, France, flies to Wimeroux — (i miles in I* 
minutes, 
hptemher 15, 1909 — Calderara, with biplane, at 
Brescia, flies r>.6 miles with one passenger, win- 
ning the O Id of red i prize. 

peptember 17, 1909 — Orvillc Wright, with biplane, 
at Berlin, flies for 54 minutes and 20 seconds, 
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rising to an altitude of 765 feet (estizmited). 

afterward flew for 47 minutes and 6 aeoondB « 

(?aptain Englehardt 
September 17, 1909 — Santos-Dumont^ with mo 

plone, at St Cjr, flies 10 miles in 16 ntinn 

across country. 
September 17, 1909 — Paulhan, with biplane, at < 

tend, Belgium, flies 1.24 miles in 3 minutes a 

IC seconds, along the water front and out o\ 

the sea. 
September 18, 1909 — Orville Wright, with hipUa 

at Berlin, cstabn»hes a wurW record by flying ] 

1 hour 35 minutes and 47 seconds, with o 

passenger — Captain Englehardt. 
September 18, 1909 — Paulhan. with biplane, at ( 

tend, flies for 1 lioiir over sea front, circling ov 

the water ; winiiing a prize of $5,000. 
September 20, 1000 — Koiiginr, witli biplane, 

Breat'ia, broke the rtford for high flying 

reaching an altitude of Cl"> feet (oflicial uieaaui 

mont). 
September 20. 1909 — Calderara, with biplane, 

Brescia, flies 31 miles in 50 minutes and 51 st 

onds, winning the second prize fur speed. 
September S2, J90.9— Captain Ferber, with a 1 
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plane, at Boiilojtne, flies 1 mile, when, liia en- 
gine breaking in llie iiir, Ins luarliino falls and 
he is killed. 
September 25, 7900— Wilbur Wright, witli biplane, 
at New York, flies from Governnr'a Island around 
the Statue of Liberty. 
September 27, 1909 — Latlinm, in monoplane, at 
Berlin, flies 6.5 miles aemss cnnntry in IS min- 
Htea. 
Si-plember S8, 1909 — Rougier, with biplane, at Ber- 
lin, flies 31 miles in 54 minntes, soaring to an al- 
titude of 518 feet. 

I September 29, 1909 — Latham in monnplane, at Ber- 
lin, flies 42 miles in 1 hour and 10 minutes, 
winning the second prize for diatance. 

' September &9, 1909 — Rougier, with biplane, at Ber- 
Hn, flies 48 miles in 1 Imur and 3.1 minutes. 
September 29, 7909~Curtiss, with biplane, at New 
York, makes flights nhout the bnrlior from Gov- 
ernor's Island. 

, September SO, 1909 — Orvtile Wright, with biplane, 
at Berlin, soars* (o a height of 902 feet, making 
a world record for altitufle. 

I September SO. 1000 — Latham, with monoplane, at 
Berlin, flics 51 miles in 1 hour and 23 minutes. 
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October I, J909— Rougier, w 


th biplane, at Berlin, 


flies 80 miles in 2 liours 


and 38 minutes, wId- 


ning the first prize for distance and spee(J. 


October 2, i909— Orville Wright, with biplane, at 


Berlin, makes u flight 


10 minutes' .luraliHH 


with the Crowu Prinoe 


Germany. 


October 3, ;909— Farman, 


th biplane, at Beriin, 


flies 62 miles in 1 hour 


1 40 miuntes, winning 


the third prize for dii 


e and speed. 


October 4, J909— Orville 


ight, with biplane, fit 


lierlin, soared to an al 


!<- of 1,600 f«-t, nuk- 



ing a world record. 

October 4, J90S— Wilbur Wright, with biplane, at 
New York, flies from Governor's Island to 
Grant's Tomb and back — 21 miles in 33 minutes 
and 33 seconds. 

October 10, 1909 — Ciirtiss, with biplane, at St. 
Louis, Mo,, makes several flights at the Centen- 
nial celebration. 

October 10, 1909 — Paulhan, with biplane, at Pt. 
Aviation, flies 21.5 miles in 21 minutes and 48 
seconds. 

October IS, 1909 — Paulhan, with biplane, at Pt 
Aviation, flies 3.6 miles in 6 minutes and 11 sec- 
onds, winning tlie prize for slowest flight. 
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October 16, 1909 — Curtiss, with biplane, at Chica- 
go, makes exhibition flights at 45 milee per hour. 

October 16, 1909 — Sommer, with biplane, at Don- 
caster, England, fliea 0.7 miles in 21 minutes and 
45 seconds, making the record for Great Britain. 

October 16, 1909 — Delagrange, with monoplane, at 
Boucaster, flies 5.75 miles in II minutes and 25 
seconds. 

October 16, 1909 — Cody, with biplane, at Doncaa- 
ter, flies 3,000 feet, wljen his machine is wrecked, 
aod he is injured. 

October IS, ;909--Paulhan, with biplane, at Black- 
pool, England, flies 1-1 mites in 35 minutes and 
53 seconds. 

October 18, i909— Rotigier. with biplane, at Black- 
pool, flies 17.7 miles in 24 minutes and 43 sec- 
onds, winning the second prize. 

October IS, J909— Farman, with biplane, at Black- 
pool, flies 14 miles in 23 minutes. 

October IS, 1909 — Le Blou. with monoplane, at 
Doncaster, flies 22 miles in 30 minntes, in a rain- 
storm, winning the Bradford cup, 

October IS, 1009— Count de Lamlx-rt, with biplane, 
at Juvissj, flies 31 miles to the Eiffel Tower in 
FariSj and back, in 49 minutes and 30 seconds. 
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October 19, 1909 — Le Blon, with monoplano, it 
Doncaster, flies 15 milea in a gale. 

October 19, J0O9— Paiilhan, with biplaue, at BIM- 
pool, flies 15.7 miles in 32 minutes and IS sec- 
onds, winning the third prize. 

October 20, J909— Farnian, with biplane, at 'BiaAr 
poo], flies 47 miles in 1 hour, 32 minatOL nd 
16 seconds, winning the first prize — $10,000. 

October 20, 1909 — Le Blon, with monoplane at : 
Doncaster, makes a spectacular flight in a fiena 
gale. 

October 31, 1909 — Count de Lambert, with biplane, 
at Pt, Aviation, flies 1.25 miles in 1 minurc 
and 57 seconds, winning prize of $3,000 for 
speed, 

October 22, 1909 — Latham, with monoplane at 
Blackpool, flies in a squally gale blowing from 
30 to 50 miles an hour. When headed into the 
wind the machine moved backward in relation 
to points on the ground. Going lx;fore the wind, 
it passed points on the ground at a six!e(l of near- 
ly 100 miles an hour. Tliis flight, twice around 
the course, is the most difliciilt feat accompHshiKi 
hy any aviator up to this date. 

October 26, 1909 — yonimer, with biplane, at Don- 
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caster, flies 29.7 miles in 44 minutes and 53 sec- 
onds, winning the Whitworth cup. 

October 26, 1909 — Dclagrangc, with ruonoplauc, at 
Doneaater, fliea 6 miles in 7 minutes and 36 sec- 
onds — a speed o£ over 50 miles an hour. 

October 30, 1909 — Iloore-Brabaztm, with biplane, at 
Shell Beach, England, wins a prize of $5,000 for 
flight with a British machine. 

November S, 1909 — Farman, with hipkne, at Mour- 
melon, France, flies 144 miles in 4 hours 6 min- 
uteB and 25 seconds, far surpassing his previous 
best record of 112 miles in 3 hours 4 minutes 
and 57 seconds, made at Bheims, and winning 
the Michelin cup for duration and distance. 

November 19. 1909 — Paulhan, with biplane, at 
ilourmelon, broke tbe record for height by as- 
cending to 1,170 feet, in a wind blowing from 20 
to 25 miles an hour. 

November 19, 1909 — Latham, with Antoinette mono- 
plane, surpassed Paulhan'a record by rising to 
an altitude of 1,333 feet. 

November 20, 1909 — Paulhan. with biplane, at 
Mourmelon. flies to Chiihins iinil back — 37 miles 



hcember 1, 7W9^Latha 



nth monoplane, at 
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AliMiniifl'Ti, souM to l,r»OU 

gal.'. 
December SO, 1909 — DolaKrange, with tmmoi^M I 

at Jitviasy, flics lii4 miles in 2 huurs anri 32 a 

utes — an avprage apced of 48,9 miles per Lour, 

surpnssiug all previous records. 
Decemhcr Si, iSOfl— Famian at Chartres, Franre, 

fliea to Orleans — 42 niilea in 50 minutes, 
December SI, 1909 — Maurice Farnian, at Motir 

melon, defending his brolher Henry'a lecoH 

against couipetiiig aviators, flit-a 100 niiles in 9 

luinrs and 45 minutes, without a fault. The 

Xlit-hclin cup remains in his brother's possession. 
January 7, 1010 — Latham, with Antoinette inoni>- 

plane, at Chalons, rises to height of 3,281 feet 

(world's record). 
January 10, 1910 — 0|)ening of aviation meet at Los 

Angeles, Cal. 
January 12, 1910 — Paulhan, Farman biplane, at 

Los Aiigele.s, rises to height of 4,146 feet. 

(World's record.) 
January 17, J9/0— Ponlhan, Farman biplane, at 

Los Angeles, flies 75 miles in 1 hour 58 minutes 

and 27§ seconds. 
February 7, 1910 — First flight in South America. 
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Bregi, Voisin biplane, makes two flights near 
Buenos Aires. 

February 7, 1910 — Diiray, with Faniian hiplane, at 
Heliopolis, Egypt, flies 5 kilometres in 4 miautea 
and 12j seconds, (World's record.) 

April S, 1010- — D, Kinet, with Farnian biplane, at 
Jlourmelon, flies for 2 howra 19 minutes and 4J 
seconds with passenger, covering 102 miles. 
(World's record for passenger flight.) 

April 11, 1910 — E, Jeannin, with Farman biplane, 
flies 2 hours 1 minute and 55 seconds, at Johan- 
niathul. (German record.) 
I April 15, 1910 — Opening of Kice meeting. 
1 April 17, 1910 — Paulhan, with Fannan biplane, 
flies from (.'hevilly to Arcis-surAiibe, 118 miles. 
(Record cross-country flight.) 

April 23, ^aJt?— Grabame-White, with Farman bi- 
plane, flies from Park Royal, Loudun, to Rugby 
{83 miles) in 2 hours and 1 minute. Starting 
again in 55 minutes, flies to Whittington in 1 
hour and 5 minutes. 
I April 27, 1910 — Paulhan, with Farman biplane, 
starts from Hendon, London, at 5. HI v. m., flies 
within 5 mile circle and cimtimiea to Lichfield, 
arriving 8.10 i: m, (117 miles). Grahame- 
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■\Vhito Htarts from Wormwood Scnihs, Tendon, «l 
6.2U P.M., flies to Roade, arriving 7,65 f.jt 
(60 miles). 

April 2S, 1910 — Paiilhan flies fmm LichficW I" 
within Ti miles of Manchester, winnioe tfit- £10.- 
000 Daily Mail prize. 

April 30, 1910 — Opening of meeting at Tours, 
France. 

May 1, 1910 — Opening of flying-week at Barceloni. 

May 3, 1910 — Wiencziers, with Antoinette mono- 
plane, twice eircles the Strassbiirg cathedral. 

May 6, 1910 — Olieslagers, with Bleriot monoplane, 
makes tliglit of 18 minutes and 20 seconds above 
the sea at Barcelona, and over the fortress of 
Monjuich. 

May IS, 1910 — Engelbardt, with Wright biplane, at 
Berlin, flies 2 hours 21 minutes and 45 seconds. 
(German record.) 

May 15, 1910 — Kinet, with Farman biplane, flies 
2 hours and 51 minutes with a passenger at 
Monrmelon, making the world's record for pas- 
senger flight. 

May 15, 1910 — Olieslagers, with Bleriot monoplane, 
flies 15 miles over the sea at Genoa. 

May 21, 1910 — M. de Lesseps, with Bleriot iiiont>- 
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plane, flies from Calais to Dover in 37 mimites, 
winning £500 prize offered by M. M. Riiinart, 

May 28. 1910— G. Ciirtiss, with Curtiss biphinL-. 
starts from Albany at 7.03 a. m., flies to Pmigb- 
keepsie in 1 lioiir and 21 minutes (70 inilea). 
Leaves Poughkeepsie at 9.2-i a. m,, flies to Spuy- 
ten Duyvil in 1 hour and 11 mimites (67 miles). 
Rises again at 11.45, flies over New York, 
landing on Governor's Island at 12,03 p. m. 
Wins prize of $10,000 given by tbe New York 
World. 

June 2, I9J^J— Rolls, with Short-WHght biplane, 
leaves Dover at C.30 i'. m., crosses Channel to 
French eoast near I'alais (7.15 p. m.), without 
landing re-crosses Channel to Dover, flies over 
harbor, circles Dover Castle, and lands at 8.10 
p. M. Wins second Riiinart prize of £80. 

June U. 1910 — Bnwkins, with Wright biplane, at 
Indianapolis, reaches lieiglit of 4,380 feet. 
(World's record.) 

June S5, 1910 — In Italian Parliament 25 million 
lire (about $5,000,000) voted for aviation in the 
extraordinary estimates of tlic Ministrv of War. 

June 20. 79/0^Dick3on, with Faniian biplane, at 
Rouen, wins total distance prize of £2,000 and 
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the £400 for longest uubrokan fli^t. DisUnn 

flown, 466 miles. 
June 37, 1910 — M. de Lesseps, with Bleriot iiMlio- ' 

plane, flies over Montreal for 49 mintites, corcr- 

ing about 30 miles at height generally of S^ ; 

feet 
July 6, 1910 — First Genoan military 

makes maiden croes-coimtiy flight aver Dodw- 

itz. 

July 26, 1910 — M. de LesaepB, vitfa Bleriot moao- 

plane, starting from lie de Gros Boia in the 8t 
Lawrence, makes trip of 40 miles in 37 minutes. 

August 1, J910 — Henry Farman takes up three pas- 
sengers at Mounnelon for 1 hour and 4 niioutes. 

August 5, 1910 — Chavez, with Bleriot monoplane, 
attains lieight of 5,750 feet. World's record, 

August 7, 1910 — Lieutenants Cammerman and Vil- 
lenne fly together from ilourmelon to Xancy, 
125 miles in 21 hours, with a Farman biplane. 

August 11, 1910 — Drexel, with Bleriot monoplane, 
at Lanark, beats the world's record for height, 
rising G,G0O feet. 

August 27, 1910 — First wireless telegram from a 
flyir,{r aeroplane, sent by MeCiirdy from a Ciir- 
tias machine lu the air, at Atlantic City, N. J. 
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Tlie seiiiling ke.v was iitlached to tlie steering 
wheel. 

August 28. 10W—T>wU\\\, with biplane eonslnirted 
by himself. Hies over I.jike GenevH, wins priKe of 
£200 offeml hy Swiss Aero Club. 

August 29, 1910 — Bregiict, with Brepiet mnnoplnne, 
makes a flight at Lille, France, carrying five pas- 
sengers, estublishing world's record for passenger 
flight. 

August '^0, 1910 — llornne, with Blrrifil. monoplane, 
at Havre, boats world's altitude record, readies 
height of 7,1G0 feel. 

)8ept('mb'-r 2, 79;0— Mile. Helene Dutrienx flics 
with a passenger from Ostend to Bruges, Bel- 
gium, end back to Ostend. At Bruges she cir- 
cled around the famous belfry at a height of 
1,300 feet, the chimes pealing in honor of the 
feat — the most wonderfnl flight so far accom- 
plished by a woman. 
September S, 1910 — M. Bielovucci lauds at Bor- 
deaux, France, having made the trip from Paris, 
360 miles, inside of 4B hours. The actual time 
in the air was 7 hours minutes. Stiiing bead 
winds blew him backward, forcing a landing 
three times on the way. This is the fourth long- 
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eat omss-coiintry flight on record, and makes iIk 
wor!<I's rncord for flui^tained speed over a lag 

distance. ^^| 




Mile. Bflhie Dutriom. 



September 4, -/ftJO — Moraiie, a! Havre, 
height of 8,4fi9 feet. 

September 7, J9/0— Weyman, with Fariiiau bipri 
flies from Buc in attempt to reach the top of t 
Puy-de-Dome, lands at Volvic, 5 miles from his 
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destination. EetablisLes world's record for flight 
with passenger, having covered 13S) miles with- 
out landing, 

Scplember 2S. 1910 — Chavez crosses the Alps on a 
Bleriot monoplane from Brigiie, in Switzerland, 
to Doraodoasola, in Italy, flying over the Simplon 
Pass. 

October 1, Ifl/O— Henri Wynmalen, of Ilollnnd, with 
a biplane at Mournielon, France, rises to a height 
of 9,121 feet, making a new world's record for 
altitude. 

'October 4, 1910 — Maurice Tabuteau recrossed the 
Pyrenees, iu his return trip from Snu Sebastian 
to Biarritz, without accident or marked incident. 

October 5, 1010 — Leon Morane, the winner of nearly 
all the contests in the English meets for IStlO, 
fell with his monoplane at Boissy St. Leger, dur- 
ing a contest for the Ztlichelin cup, and was seri- 
ously injured. 
'ctober 8, 1910 — Archibald Hnxaey, with a biplane, 
makes the longest continuous aeroplane flight re- 
corded in America, between Springfield, III., and 
St, Louis, Mo. — 104 miles. 
October 12, 1910 — Alfred Leblanc, with monoplane, 
at St. Louis, flies 13 miles in 10 minutes, a speed 
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of "7$ miles jter liour. Ir was nut offiaaUr n- 
cordecl, as a part of the distance was ontsiiii- of 
the |irescribe<l coufbg, 

October IJ,, 1910 — Grahame-White flies from iW 
Bennings Race Track 8 ps across the PotoniM 
River to the Capitol at nshiiiKton, piix-les 
dome, and then circles ■ Washington Mnna-I 
mout, and finally alights h precision in Ex« 
live Street, between the trutive Offices a»<l ll 
building of ihe State. A. r, and Navy Dep«rt-I 
menls. After a brief t ne rose from the r 
row street — but 20 feet wider than liis biplane — 
and returned to the race track without untoward 
incident. 

October 16, lOlO—Wynmahn flies from Paris to 
Brussels, and returns, with one passenger, within 
the elapsed time of 27 hours 50 minutes, winning 
two prizes amounting to $35,000. The distance 
is 350 miles, and the actual time in the air was 
15 hours 38 minutes. 

October 25, 1910 — J. Armstrong Drexel, with mono- 
plane, at Belmont Park, L. I., rises to height of 
7,105 feet, breaking previous records, and sur- 
passing his own record of 6,600 feet, made at 
Lanark, Scotland. 
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October S6, 1910 — Rolpli Johnstone, in biplane, at 
Bcliuout, Park, rises to the hcigtit of 7,313 foot, 
tlirough aleet and snow, breaking the new Amer- 
ican record made by Drexel the day before. 

October 27, 1910 — Johnstone, with biplane, at Bcl- 
inont Park, rises to height of 8,471 feet, Burpass- 
ing his own record of the day before and estab- 
lishing a new American record. The feat was 
perfoniied in a gale blowing nearly 60 miles per 
hour, and the aviator was carried S;! miles away 
from his starting point before he lauded. 

October 28, J9J0— Tabiiteaii, with biplane, at 
Etampes, France, makes a new world's endur- 
ance record of 6 hours' continuous flight, eover- 
ing a distance of 283 miles. 
October S9, 1910 — Grabame-Whjte. with monoplane, 
at Belmont Park, wins the International speed 
race over the distance of 62.1 miles, in 1 hour 
1 minute 4^ seconds. 
'etober 29, 1910 — Leblanc, with monoplane, at Bel- 
mont Park, makes a new world's record for speed, 
reaching 70 miles ]ier hour during the Interna- 
tional Hjwed rnee. Through a lack of fuel he lost 
the race to Graluiuic-Wliite, after covering 511 
miles in ^y2 miniiles. 
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October SO, 1910 — John B. Moiaant, 'with niono- 
plane, wins the race from Belmont Park aroimd 
the Statue of Liberty in New York liarbor. and 
the prize of $10,000. The distance is alx>nt 34 
miles, and itoisant covered it in 34 minutes 39 
seconds, 

October SO, 1910 — Jaraea Radley, with monoplanf. 
at Belmont Park, wins the troas-country flight <if 
20 miles in 20 minutes 5 seconds. 

October 31, 1910 — Johnstone, with biplaiif, ut B.-I- 
mont Park, rises to a height of 9,714 feet, break- 
ing the previous world's record, made by Wjn- 
nialen on October 1. 

October SI, 1910 — Drexel, with monoplane, racing 
for altitude with Johnstone, reaches a height of 
8,370 feet. 

October HI, 1910 — Moisant, with monoplanef at 
Belmont Park, wins the two-hour distance 
with a record of 84 miles, His no,\t ne»i 
competitor covered but 57 miles. 

Nonember H, 1910 — Eugene Ely, with biplane, 
flew from a staging on the deck of the U. S. 
Cniispr Himiinffhavi f* miles to the shore 
the nioitth of Cliesaiieake Bay. The flight 
intended to end at the Norfolk Navy Yard, 



, St 

:a»>. 1 
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an accident to tlie propeller at starting forced 
Ely to make directly for the shore. 

November 17, 1910 — Ralph Johnstone, holder of 
the world's altitude record of 9,714 feet, was 
killed at Denver, Col., by a fall with his biplane. 

November 23, 1910 — ^Drexel, at Philadelphia, 
reaches an altitude of 9,970 feet, passing all 
other altitude records. Coming down he made a 
straight glide of seven miles. 

December 2, 1910 — Charles K. Hamilton, at Mem- 
phis, Tenn., flies 4 miles in 3 minutes 1 second, a 
speed of 79.2 miles per hour. This is a new 
world's record. 



a 



Chapter XX. 
EXPLANATION OF AERONAUTICAL TERMS. 

EVEIJY devplnpnient in Imman progress 'u 
marked bv a conciirreut development in lan- 
guage. T.. express tlic new iiieas^.new words apjiear, 
or new meaitings are given to words already in 
As yet, tile vocabuIarT of aeronautics is in 
same constructive and incomplete state as is the sci- 
ence to which it attempts to give voice, and the ut- 
most that can be done at this time is to record such 
words and special meanings as are in use in the im- 
mediate present. 

A 

Adjusting Plane — A small plane, or surface, at the 
outer end of a wing, by which the lateral {from 
side to side) balance of an aeroplane is adjusted. 
It is not connected with the controlling mechan- 
ism, as are the ailerons — nor with any automatic 
device. 

Aerodrome — A term used by Professor Langley aa 
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a better name for the aeroplane; but latterly it 
baa been applied to the buildings in which air- 
ships are housed, and also in a few instances, as 
a name for the course laid out for aeronautical 
contests. 
Aerofoil — Another name for the aeroplane, suggested 
as more accurate, consiilering that the surfaces 
are not true planes. 

I ^eroTip/^Another name for an aeroplane. 

\, Aeroplane — The type of flying machiuc which is 
supported in the air by a spread of .surfaces or 
planes, formerly flat, and therefore truly 
'' plane," but of late more or leas curved. Even 
though not absolutely accurate, this term has re- 
sisted displacement by any other. 

I Aerostat — A free balloon afloat in the air, 
Aeronate — A captive balloon. 

I Aileron — A small movable plane at the wing-tips, or 
hinged between the main planes, iisiially at their 
outer ends, operated by the aviator to roatore 
the lateral balance of tJio machine when dis- 
turbed. 

L^i'r-sppcrf — The speed of aircraft ns related to the 
air in which they are moving; as distinguished 
from land-speed (which see). 



Alighting Gpar— 
aeroplane tij 
Sight, unci nt 
motion a( tlia 

Angle of Kniry- 
the ciirve of 
edge, with tH 

Angle of Inridv. 
of the ari> of 
a flat plaui 
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-Devices on the under aide of tla 
take lip the jar of landing aflcT 
I he same time to check the fonraH 

t moment. 

-The angle made hy the tangent to 

the aeroplane surface at its forward 
direction, or line, of travel, 
iT-^The angle made b.v the chord 
I curved " plane," or b\- the line of 

with the line of travel. 




Angle of Trail — The angle made by the tangent to 
the rear edge of a curved plane with the line of 
travel. 

Apteroid — A form resembling the " short and 
broad " type of the wings of certain birda — as 
distinguished from the pterygoid (which see). 

Arc — Any part of a circle, or other curved line. 
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Arch — Tlio curve fornic<l \\y ln'inliiifr tlii' wiuiis 
downwimi nt the tipa, leaving tliem liif^litT at the 
centre of tlio machine. 

Aspect — The vii'W of the top of an aeroplane as it 
appears when looked down upon from above. 

Aspiration — The (hitherto) unexplained tendency 
of a curved surface — convex aide iipward — to 
rise and advance when a stream of' air blows 
against its forward edge and across the top. 

Attitude — The position of a plane as related to the 
line of its travel ; usually expressed by the angle 
of incidence. 

Automatic SiabiUty — That etahilily which is pre- 
served by self-acting, or self-adjusting, devices 
which are not under the control of the operator, 
nor a fixed part of the machine, as are the adjust- 
ing planes. 

Aviation — Flying by means of power-proiielled 
machines which are not buoyed up in tlic air, as 
with gas bags. 

Aviator — The operator, driver, or pilot of an aero- 
plane. 

B 

Balance — Equilibrium maintained by the control- 
ling mechanism, or by the automatic action of 
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balanciBcsiirfaces — as distinguished from tlu 
equilibrium presen-ed by stabilizing anrfiu>es. 

Balancing Vlanc — Tlic surface which ia einplctnd 
cither ijitpntionallv, or aiitom«tieaUy, to reaton 
a distuibed Iial^ice. 

Biplane — Tlif lyjie of aeroplaiit) which haa two main 
Bupportiit^ siirfnt'es or planes, placed oae aboro 
the otiK-r. 

Body — The cimtral striicturG of an aeroplane, con- 
taining the macliinery and the passenger spacr — 
as distingiiisLcd from tlic wings, or planes, and 
the tail. 

Brace — A construction member of the framing of 
aircraft which resists a compression strain in a 
diagonal direction — as distinguished from a 
"stay," or "diagonal," which supports a pulling 
strain; also from a strut which supports a com- 
pression strain in a vertical direction. 

C 

Camber — The distance from the chord of the curve 
of a surface to the highest point of that curve, 
measured at riglit angles to the chord. 

Caster, or Castor, Wheel — A wheel mounted on an 
upriglit pivoted shaft placed forward of its axle. 
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so that it swivels automatically to assume the line 
of travel of an aeroplane when lan*liijg: iiswl in 
the alighting gear. To be distinguished from a 
fixed wheel, which does not swivel. 
I Cell — A structure with enclosing sides — similar to 
a box without Inp or bottom stood upoQ one side. 
The vertical walls of the cell give lateral stabil- 
ity, and its horizontal walls fore-and-aft stability. 




The G»I SuDun-Ilui 






Centre of Grai'ify — That point of a body where its 
weight centres. If this point is supported, the 
body rests in exact balance. 
f Centre of Lift — The one point at which the lifting 
forces of the flying planes might he concent rated, 
and produce the same cffeet. 

Centre of Hesisfatice — The one point al which the 
forces opposing the flight of an air-eraft might 
bo concentrated, and produce the same result. 
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Cenirc of Thrmt — The one point at wliicb the foroa 
generated by the revolving propellers might te 
concentrated, and produce the same effect 

Chassis — The under-structure or "* ninning-gear" of 
an aernplane. 

Chord — The straight line between the two ends of 
an are of a circle or otlier curved line. 

Compound Control — A mechanical system bv whJcli 
several distinct controls are operated throng dif- 
ferent luanipulatioEs of the same le\XT or steer- 
ing-wheel. 

Compression i^irfc^That aide of a plane or propuUer 

blade against which the nir is compressed the 

under surface of a flying plane, and the rear 6W 
face of a revolving propeller. 

Curtain — The vertical surface of a coll tJie wtD 

which stands upright. 
D 

Deck — A main aeroplane surface. The term is nsed 
generally in describing biplanes; as the upper 
deck, and the lower deck; or with aeroplanes of 
many decks. 

Demotivtabte — A ty[)e of construction which permits 
a machine to be easily taken apart for tmnspor- 
tatton. 
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Derrick — A towei^shaped structure in which a 
weiglit is raised and allowed to fall In give start- 
ing impetus to an nt-roplane. 

Dihedral — That form of construction in wliicli \\w 
wings of an aeroplane start with an upward in- 
cline at their junction with the body of tlic ma- 
chine, instead of stretching ont on a level. 

Dirit/ible — The condition of being directahlc, or 
steerablc: applied generally to the balloons fitted 
with propelling powt-r, or airahips. 

Double Rudder — A rudder composed of two inter- 
secting planes, one vertical and the other horizon- 
tal, thus enabling the operator to steer in any di- 
rection with the one rudder. 




Double-Surfaced — Planes which are covered 

fabric on both their upper and lower surfaces, 
thus completely inclosing their frames. 

DotL-n-\V ind — Along with the wind; in the direction 
in which the wind is blowing. 

Drifl — The recoil of an aeroplane surface forced 
through the air: also the tendency to float in the 
same direction as the wind. 
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K 

Elevator — A sliorter name f"r the elevating pUiM. 
or eleriniiiK ruJiier, k^-iI for directing the aei* 
plane upward or downward. 

Ellipse — An iivul lipiiri' oiitliiK'd by ciitting a cona 
throu^ from side to side on a plane not parallel 
to its base. Some inventors use the curves of the 
ellipse in forming the wings of aeroplanes. See 
Hyperbola and Parabola, 

Entry — The penetration of the air by the fnrwardi 
edge of aircraft surfaces. See Angle of Kntrr. 

Equivalent Head Area — Such an area of flat sur- 
face as will encounter head resistance equal to 
the total of tliat of the eonstruction members of 
the framework — struts, braces, spars, diagonals, 
etc, of the aerial craft. 



Feathering — A form of construction in which 
motinting on hinges, or pivots, permits the sur- 
faces to engage the air Qatwise in one direction 
and to pass edgewise through it in other direc- 
tions. 

Fin — A fixed vertical stabilizing surface, similar in 
form to the fin on the back of a fish. 



EXPLANATION OF AERONAUTICAL TERMS. 461 




Fish Section — A term applied to the lengthwise sec- 
tion of an aircraft when the outline reaerahles the 
general shape of a fish — blunted in front and 
tajtering toward the rear. This form is believed 
to eiictninter leas rt'sistance than any other, in 
pnssing through the air. 

Fixed Wheel — A wheel in a fixed mounting, so that 
it does not swivel as does a caster wheel. 

Flapping Fli^jlil — Flight by the iip-nml-down beating 
of wings, similar to the common flight of pigeons. 

Flexible Propeller — A propeller in which the blades 
are frames covered more or less loosely with a 
fabric which is in a measure free to adjust its 
form to the compression of the air behind it as it 
revolves, 

FhjiiKj An<ih—-1\:t} angle of incideneo of the main 
surface of an aeroplane when in flight. See 
Ground Angle. 

Footpound — Tlio amount of force required to raise 
one pound to a height of one foot. 

Fore-and-afl — From front to rear: lengthwise: lon- 
gitudinal. 

Fusrlnge — The frnniewurk of the body of au aero- 
pkuc. 
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G 

Olider — A strut-ture similjir to an aeroplane, but 
xrithout motive power. 

Gliding — Flying down a slojit,- of uir with a glider, 
or wiUi an aemplane in which the propelling 
power is cut off. 

Gliding Angle — The flattest angle at which a giw-n 
machine will make a perfect glide. This an^le 
differs witli different machines. The flatter tbe ' 
gliding angle tlio safer the machine. J 

Ground Anijk — The iiugle of incidence of an aen^l 
plane surface when the machine is standing os 
the ground. 

Guy — A wire attached to a more or less distant part 
of tbe structure of any aircraft to prevent spread- 
ing. Also used to denote controlling wires which 
transmit the movements of the levers. 

Gyroscopic Aclion — The resistance which a rotating 
wheel, or wheel-like construction, exhibits when 
a disturbing force tends to change its plaue of ro- 
tation, 

H 

Hangar — A structure for the housing of aeroplanes. 

Jlead Resistance — Tbe resistance encountered by a 
surface moving through the air. 
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I 



Ifeavter-ikan-air — A Icitu appllc-d to flying niachiiifM 
whose weight is not cimiiterlialanped or hiiovc-d 
up by the lifting jiower of Btmie gas lighter than 
air; and which weigh more tlmn the volume of 
air displaced. 

Helicopaler — A tyjie of flying machine in whii-Ii pro- 
pellers revolving horizontally lift and sustain its 
weight in the air, 

Ilorizonial flutWer— The rudder surface which is 
used to steer an aiivrnft upward or downward: 
so-called hecause it lies normally in a position 
parallel to the horizon ; that is, level. 

Horse-power — An amount of work equivalent to the 
lifting of 33,000 footpounds in one minute. See 
Footpound. 

Hyperbola — The outline formed by the cutting of a 
cone by a plane passing one side of its axis at 
such an angle that it would also intersect another 
cone placed apex to apex on the same axis. 



K 



Keel — A framework extending lengthwise under an 
aircraft to stiffen the constniction: usually em- 
ployed on airships with elongated gas-bags. 
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L 

Lateral — From side to side: that is. crossing iIib 
length fore-iind-jift, and generally at right angiei 
to it. 

Land-speed — Tiio spt-ed of aircraft as related to ob- 
jects on the ground. See Air-speed. 

Landing Area — A piece o£ land specially prepaK<d 
for the aiiglitiui; of neroplnnes without risk of 
injury. 

Leeway — Movement of a machine asitle from the in- 
tended eoiirse, due to the lateral drift of tha 
whole body of air; measured usually at right an- 
gles to the conrse. 

Lift — Tlie raising, or sustaining effect of an aero- 
plane surface. It is expressed in the weight thus 
overcome, 

Lif/kter-ihan-air — A term used fo designate aircraft 
which, owing to the buoyancy of the gas attached, 
weigh less than the volume of air which they dis- 
place. 

Longitudinal — In a lengthwise, or fore-and-aft di- 
rection. 

M 

Main Plane — The principal supporting surface of 
an aeroplane. In the biplane, or the multiplane 
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type, it denotes the lowest surface, unless some 
other is decidedly larger, 

■3fam Landing Wheels — Those wheels on the alight- 
ing gear which take the shock in landing. 
)lasl — A vertical post or strut giving angular alti- 
tude to guys or long stays. Also used {errone- 
ously) to designate a spar reaching out laterally 
or longitudinally in a horizontal position, 

wMonoplans — An aeroplane with one main support- 
ing surface. A Uouhle Monoplane has two of 
such surfaces set one behind the other (taudeni) 
hut on the same level. 

L Multiplane — An aeroplane having several main 
planes, at least more than three (for which there 
is the special name of triplane). 



N 

[ Nacelle — The framework, or body, of a dirigible 
balloon or airship. 

^Negative Angle of Incidence — An angle of incidence 
below the line of travel, and therefore expressed 
with a minus sign. Surfaces bent to certain 
curves fly successfully at negative angles of in- 
cidence, and exhibit a comparatively large lift. 
30 
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O 
Omitkoptrr — A n-pe of flviiig luachino witli winf 
surfaci's wliicli are desi^^ to rnisc and euHaia 
the maolilne in t]ie air by flapping. 

P 

Panel — Aniither nntiic fur Oiirtiun — which see. 

Parabola— 'Vhv form 'iiitlinLH! wlien a eone is eiif b» 
a plane piirnllfl to ii Vnif. drawn on its siirfaee 
from its aptrx to its liaw, Dwhired tr. he llie lor 
rect ac-icnlific curve for aeroplnne surfaces. Inil 
not 80 proven, as jet. 

Pilol — A term widely used for an operator, or 
driver, of any form of aircraft. 

PUch — The distance which a propeller would pro- 
gress (hiring one revolution, if free to move in 
a medium wliich permitted nn slip (which sec): 
jiiHt as tlie tlireafl of a bolt travels in the groove 
of its nut. 

Plane — Speaking witli exactness, a flat spread of 
surface; hut in aeronautics it includes also the 
curved sustaining surfaces of aeroplanes. 

Polyplane — Another term for Multiplane. 

Port — The left-hand side of an aircraft, as one faces 
forward. See Starboard, 
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Projected Area — The total area of an irregular 
structure as projected upon a flat surface; Hke 
the total area of the shadow of an object cast 
by the sun upon a plane fixed at right angles to 
ita rays. 

Propeller Reaction — A force produced by a single 
revolving propeller, which lends to revolve tlie 
iiinchine which it is driving, in the contrary di- 
rection. This is neutralized in varioiia ways in 



A pterycdd plime. 

the machines driven by single propellers. Where 
two propellers are used it is escaped by arranging 
tliera to move in opposite directions. 

Pterygoid — That type of the wings of birds which 
is long and narrow — as distinguished from the 
npteroid type. 

PyloTi — A tower-shaped structure used as a derrick 
(which see) ; also for displaying signals to aero- 
nan ta. 

R 

liadial Spoke — A wire spoke extending from the hub 
of an alighting wheel straight outward from the 



centre to the rim of ihe wh«x?l. See Tangfiil 
Spoke. 

Rarefaction Side — A correct term for tlie incorrect 
"vacmiiii siiJp," BO-called. T'le side opposite the 
com pre sis if 111 side: the forwarcJ side of a revulv- 
ing pnijicllcr blmie, or the upper side of a tlviiig 
Biirfacc, iir rlii* side of a nidder-surface turned 
away fniiii rlie wind. 

Reactive ^Irafum — Tlie layer of compressed air b^ 
neatb a moving aeroplune surface, or behind t 
moving propeller bhide. 

Rib — The smaller conatnietion members used in 
building up surfaces. Generally they run fore- 
and-aft, crossing the spars or wing-bars at right 
angles, and they are bent to form the curve of the 
wings or planes. 

Rising Angle — Technically, the steepest angle at 
which any given aeroplane will rise into the air. 

Rudder — A movable surface by which the aeronaut 
is enabled to steer his craft in a desired direction. 
See Horizontal Rudder and Vertical Rudder. 

Runner — A construction similar to the runners of a 
sleigh, used for alighting on some machines, in- 
stead of the wheel alighting gear; a skid. 
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Srrciv — Anntiicr ti'rrii for |)rutK;Uer ; pru]ierly, st^rew- 
propelier. 

Single-surfaced — A term used to designate wings or 
planes whose frames are covered witli fabric oulj 
on the upper aide. See Double-surfaced. 

Mhid — Another name for runner. 

Skin Friction — The retarding effect of the adher- 
ence of the air to surfaces moving rapidly 
through it. It is very slight with polished sur- 
faces, and in case of slow speeds is entirely neg- 
ligible. 

Slip — The difference between the actual progress of 
a moving propeller, and the theoretical progress 
expressed by iln pitch. It is much greater in 
some propellers lh«u in others, due to the "churn- 
ing" of the air by blades of faulty design and 
coustniction. 

Soaring Flight — The sailing motion in the air 
achieved by some of the larger birds without the 
flapping of their wings. It is to be distinguished 
from gliding in (hut it is tn nn upward direction. 
Soaring has ne\er been safiBfacturily explained, 
and is considered to be the secret whose discovery 



470 EXPLANATION OF AERONAUTICAL TERMS, 

will bring about the largest advance in the navi- 
gation of the air. 

Spar — A elick of considerable len^h used in tb» 
framing of the body of aeroplimes, or as the long 
memberu in wing structures. 

Stabilize — To inaintaia balance by the automatic 
action of adjunct aurfacee, as distinguished from 
the intentional manipulation of controlling de- 
vices. 

8tabilizei^-'Any surface whose automatic action 
tends to the maintaining of balance in the air. 

Stable Equilibrium — That equilibrium which is ia- 
herent in the construction of the machine, and 
does not depend upon automatic or controlling 
balancing devices. 

Starboard — The right-hand aide of an aircraft aa 
one faces forward. See Port 

Starling Area — An area of ground specially pre- 
pared to facilitate the starting of aeroplanes into 
flight 

Starting Device — Any contrivance for giiving an 
aeroplane a powerful impulse or thrust into the 
air. See Derrick. 

Starting Impulse — The thrust with which an aero- 
plane is started into the air for a flight Most 
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machines depend upon the thrust of their owu 
propellers, the machine bein^ held back by force 
imlil the engines have worked up to flying 
speed, when it is suddenly released. 

Starling Rail — The rail upon which the starting 
truck runs before the aeroplane rises into the air. 

Starting Truck — A small vehicle upon which tlie 
aeroplane rests while it is gaining sufficient im- 
pulse to take flight. 

Slay — A construction member of an aeroplane sus- 
taining a pulling strain. It is usually of wire. 

Straight Pitch — That type of pitch (which see) in 
a propeller blade in which every cross-section of 
the blade makes the same angle with its axis of 
revolii tion. 

Strainer — Another term for Turabuckle — which see. 

Strut — An upright, or vertical, construction member 
of an aeroplane sustaining a compression strain ; 
as distinguished from a brace which sustains a 
diagonal compression strain. 

Supplementary Surface — A comparatively small 

surface used as an adjunct to the largo surfaces 

for some special purpose; as, for instance, the 

preserving of balance, or for steering. 

V Sustaining Surface — The large surfaces of the aero- 
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[iliini' wliiwi rapid movcmont llirough the au 
a ttlijrht angle to the horizontal 
wi'ight of the machine, 



tst^l^ 



Tail~A rear surface on an ueroplane desipTicJ 
assist in maintaining longitudinal stability, 
is in use principally on monoplanes, «nd i» vi 
so arranged as to serve as a rudder. 

Tail Wheel — A wheel iiionnled under the rear i 
of an aeroplane as a part of the alighting gear 

Tangent — A straight line passing the convex side 
a curved line, and touching it at one point oc 
The straight line is said to be tangent to 
curve at the point of contact 

Tangential — In the position or direction of a- ti 
gent. 

Tangent Spoke — A wire spoke extending from I 
outer edge of the hub of a wheel along the li 
of a tangent until it touches the rim. Its po 
tion is at right angles to the course of a rad 
spoke (which see) from the same point on t 

hub. 

Tie — A construction member connecting two poii 
with a pulling strain. 
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Tightener — A device for taking up the slack of a 

stay, or tie ; as the tumbuckle. 
Tractor Propeller — A propeller placed in front, so 

that it pulls the machine through the air, instead 

of pushing, or thrusting, it from behind. 
Triplane — An aeroplane with three main surfaces, 

or decks, placed in a tier, one above another. 
Tumbuckle — A device with a nut at each end, of 

contrary pitch, so as to take a right-hand screw 

at one end, and a left-hand screw at the other; 

used for drawing together, or toward each other 

the open ends of a stay, or tie. 

U 
Uniform Pitch — That varying pitch in a propeller 

blade which causes each point in the blade to move 

forward in its own circle the same distance in 

one revolution. 
Up-wind — In a direction opposite to the current of 

the wind ; against the wind ; in the teeth of the 

wind. 

V 

Vertical Rudder — A rudder for steering toward 
right or left; so called because its surface occu- 
pies normally a vertical position. 
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W 
Wake — Tlio stream of dinriirbcd air left in the n*r 

of a moving aircraft, due mainly to tbe slip of the 

propeller. 
Wash — The air-currents flowing out diagonally from 

the sides o£ a moving aeroplane. 
Wing Bar — Tile larger construefion niejubers of a 

wing, running from the body outward to the tips. 

The ribs are attached to the iving bars, nsually 

at right angles, 
Wing Plan — The outline of the wing or main plane 

surface as viewed from ahore. 
Wing Section — The outline of the wing structure of 

an aeroplane as it would appear if cut b^■ a plane 

passing through it parallel to the longitudinal 

centre of the machine. 
Wing Skid — A small skid, or rimner, placed under 

the tip of the wings of an aeroplane, to prevent 

damage in case of violent contact with the 

ground. 
Wing Tip — The extreme outer end of a wing or 

main plane. 
Wing Warping — A controlling device for restoring 

disturbed lateral balance by the forcible pulling 

down or pulling up of the tips of the wings, or of 
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the outer ends of the main surface of the aero- 
plane. 
Wing Wheel — A small wheel placed under the outer 
end of a wing or main plane to prevent contact 
with the ground. An improvement on the wing 
skid. 



THE END 
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